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Abstract 


SELECTING PLANNING AND SCHEDULING 


SPECIFICATIONS FOR CONSTRUCTION PROJECTS 
by 


Leaf Aquilla Ballast, M.S.E. 
The University of Texas at Austin, 2000 


Supervisor: Calin M. Popescu 


This thesis analyzes the effect of contract remuneration type and project 
complexity on the desirability of planning and scheduling specification clauses for 
construction projects. The information in this thesis is based on the analysis of 
responses to a survey that was sent to randomly selected construction companies, 
large owners, and various Naval Facilities Engineering Commands. For the 
survey, traditional definitions of lump sum and cost reimbursable contracts were 
used, and an easily quantifiable project complexity rating was developed. The 
analysis provides practical insights on which planning and_ scheduling 
specification clauses should be included for projects of different complexities and 
remuneration types. It also provides valuable insights on the differences in how 
contractors and owners view each planning and scheduling specification clause. 
Conclusions and recommendations are presented based on the results of the 
analysis. 
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Chapter 1: Introduction 
1.1 PURPOSE 

The purpose of this thesis is to determine how construction project 
complexity and contract remuneration type affect the desirability of planning and 
scheduling specification clauses. 

A comprehensive planning and scheduling specification is a system that 
can truly aid planning of job sequences, financial needs, manpower needs, 
material needs, and equipment needs. It can aid scheduling of actual activity start 
or completion and provide feedback to control the schedule, cost, and use of 
resources (Fairchild 1985). A critical step in the execution of any construction 
project is the selection of planning and scheduling specification clauses to be 
included in the construction contract. Numerous project characteristics should be 
taken into account when determining which planning and scheduling specification 
clauses should be included. Two major items to take into consideration are 
project complexity and contract remuneration type. This thesis will explore how 
these attributes affect the desirability of planning and scheduling specification 


clauses by both owners and contractors. 





For the purpose of this research, the following attributes define project 
complexity: 
e Estimated number of construction activities 
e Estimated number of subcontractors 
e Number of CSI Divisions 


e Estimated cost of installed equipment (i.e. long lead items such 
as transformers, elevators, HVAC equipment, et cetera) 


e Project prionty 


The following contract remuneration types are also considered in this 


research: 

e Lump sum contracts (i.e. unit price and fixed price with 
escalation) 

e Cost reimbursable contacts (i.e. cost plus a percentage fee. cost 
plus a fixed fee, cost plus an incentive fee, and cost plus an 
award fee). 

1.2 SCOPE 


The scope of this research is to collect subjective data on selecting 
planning and scheduling (P&S) specification clauses for construction projects 
based on combinations of project complexity and contract remuneration type. 
The data was collected from randomly selected contractors, owners, and U.S. 
Navy Facilities Engineering Field Divisions and Engineering Field Activities. 
The research focuses on new construction projects that are well defined. 


vs 





1.3 HYPOTHESIS 

There 1s a scarcity of actual research on selecting P&S specification 
clauses for construction projects based on project attributes such as complexity 
and contract remuneration type. This thesis lists 49 P&S specification clauses for 
selection in a construction contract. The following hypotheses will be used: 


a. Project complexity rating directly affects the number of P&S 
specification clauses selected by both owners and contractors. 
A project with a high complexity rating will result in the 
selection of more clauses than a project with medium or low 
complexity rating. 


b. Contract remuneration type affects the number of P&S 
specification clauses selected. For both owners and 
contractors, cost reimbursable contracts will result in the 
selection of more clauses than lump sum contracts. 





Chapter 2: Background 
The information gathered in this chapter was collected through an 
extensive literature review. It discusses the content of the planning and 
scheduling specifications utilized in this research. Basic definitions of project 
complexity rating and the two types of contract remuneration researched will be 
provided. Lastly, past research conducted on planning and _ scheduling 
specifications will be examined. 
2.1 PLANNING AND SCHEDULING SPECIFICATION CLAUSES 
The planning and scheduling (P&S) specification clauses used in this 
thesis fall into one of the following sections: 1) General Organization and 
Responsibility; 2) Scope and Products; or 3) Progress Monitoring and Updating. 
The P&S specification clauses can be seen in their entirety in Appendix A. Each 
of these sections also serves as a general category of P&S specification clauses. 
2.1.1 General Organization and Responsibilities 
The intentions of the clauses in this section fall into one of the following 
categories: 
e General Description 
e Responsibility, Qualifications, and Training 
e Scheduling Deadlines, Costs, and Audits 


e Schedule Ownership and Security 





The General Description clauses describe the phase and/or portions of the 
project that are required to be tracked in the schedule. These included but are not 
limited to the following: detailed design, design reviews, land acquisition, major 
material and equipment procurement, field erection/installation, final startup, et 
cetera. These clauses also list references and standards associated with CPM 
scheduling. 

The clauses associated with Responsibility, Qualifications, and Training 
specify the following: 


e Responsibility for the development and maintenance of the 
network logic diagram; 


e The minimum education and/or experience qualifications for 
the planning and scheduling staff; and 


e The CPM training requirements for project management 
personnel (i.e. owner’s representatives, contractor personnel, 
and subcontractor personnel). 

The next category of clauses for this section is Scheduling Deadlines, 
Costs, and Audits. Clauses in this category will specify deadlines for submission 
of preliminary and detailed networks and the review and approval process for 
these networks. This category also contains clauses that specify a monetary 


amount to be applied to planning/scheduling and monitoring and how payment to 


the contractor will be made for performing these functions. Other clauses deal 





with the following: which subcontractors will have input into the schedule, the 
contractor's scheduling plan, and planning/scheduling and monitoring audits. 

The final category of General Organization and Responsibilities section 1s 
Schedule Ownership and Security. It essentially specifies who owns the schedule, 
whether or not the schedule is confidential, and if computer access and security 
are required. 

2.1.2 Scope and Products 

The intentions of the clauses in this section fall into one of the following 
categories: 

e Network Analysis and Scope 
e Reports Information 
e Network Detail and Scope 

The Network Analysis and Scope clauses specify the network analysis 
technique to be used such as Arrow Diagramming Method, Precedence 
Diagramming Method, or PERT. In most cases, the Precedence Diagramming 
Method is used in construction today. Other clauses in this category will specify 
the type of CPM software to be used (if any) and whether or not Resource 
Aggregation, Leveling, and/or Allocation will be performed. 

The clauses in the Reports Information category require the contractor to 


input information into each activity; such as, descriptions, durations, coding 





systems, and responsibility codes, so that construction activities can be sorted and 
reports produced that give a good snapshot of the status of the project. Project 
Breakdown Structure, Activity Sorting Requirements, and Required Reports for 
Initial Submission are also specified in this category. 

The clauses in the Network Detail and Scope category specify the level of 
detail for the network; such as, maximum activity duration, maximum activity 
cost, and minimum number of activities in the total network. These clauses are 
intended to ensure that the contractor’s construction planning effort is satisfactory 
by specifying a level of detail for the network diagram (Zack 1992). This 
category includes clauses that specify the scope of the contractor’s summary 
schedule, preliminary network, and detailed network. The network diagram 
drafting requirements are also specified. 

2.1.3 Progress Monitoring and Updating 

As seen in the title of this section, the subject clauses specify how progress 
monitoring of the project and updating of the network shall be accomplished. 
This section includes clauses that specify how often the network shall be updated, 
who participates in update meetings, what has to be included in each update, the 
update turnover time, and the required reports after each update. This section also 
includes clauses on float management (i.e. who owns it) and how change orders 


shall be represented in the network. 














2.2 PROJECT COMPLEXITY RATING 

Complexity 1s a term that is often subjectively applied to construction 
projects. Webster’s Third New International Dictionary defines complex as 
‘having many varied interrelated parts, patterns, or elements and consequently 
hard to understand fully.” Selected experts in the building industry view a 
complex project as follows (Gidado 1996): 


a. That having a large number of different systems that need to be 
put together and/or that with a large number of interfaces 
between elements. 


b. When a project involves construction work on a confined site 
with access difficulty and requiring many trades to work in 
close proximity and at the same time. 


c. That with a great deal of intricacy which is difficult to specify 
clearly how to achieve a desired goal or how long it would 
take. 


d. That which requires a lot of details about how it should be 
executed. 


e. That which requires efficient coordinating, control, and 
monitoring from start to finish. 


f. That which requires a logical link because a complex project 
usually encounters a series of revisions during construction and 
without interrelationships between activities it becomes very 
difficult to successfully update the program in the most 
effective manner. 





This research attempts to objectively quantify project complexity by 


developing a project complexity rating that is determined by the following 


attributes: 


Estimated number of construction activities in the network 
diagram 


Estimated number of subcontractors expected to be utilized 
during the construction of the project 


Estimated number of CSI Divisions included in_ the 
specification 


Estimated cost of installed equipment (long lead items such as 
transformers, elevators, HVAC equipment, et cetera) 


Project prionty 


All of these attributes correlate either directly or indirectly with at least one of the 


previously listed characteristics of a complex project as expressed by Gidado’s 


building industry experts. 


The project complexity rating developed in this research allows for three 


possible levels of project complexity: high, medium, and low. Each attribute was 


given an objective value that corresponds to each of the levels stated above. The 


only exception is project priority, which is entirely subjective. Table 2.1 shows 


values required for each attribute to achieve a complexity rating of high, medium, 


and low. 





Table 2.1: Complexity Rating 


Complexity Rating 
7 a 


NA = No. of Const. Activities 















NA > 1,000 100 < NA < 1,000 NA < 100 













NS = No. of Subcontractors 





NS > 20 [0 NS = 20 NS < 10 







ND = No. of CSI Divisions ND > 13 T7T<ND< 13 ND <7 









CE = Cost of Installed Equip | CE > $250,000 | $50,000 < CE < $250,000 | CE < $50,000 








PP = Hig 





PP = Project Priority h PP = Medium PP = Low 


2.3 CONTRACT REMUNERATION TYPES 

This research examines what effect lump sum and cost reimbursable 
contracts have on the desirability of P&S specification clauses. 

A lump sum contract is a guarantee by the contractor to perform the work, 
as specified, for a fixed price no matter what the actual price may be (The 
Business Roundtable Report A-7 1982). The variations include (Nesius 1998): 


e Unit Price — unit costs and estimated quantities with payments 
based on work actually performed. 


e Fixed Price with Escalation — price adjustments on cost of 
certain materials, labor or other factors beyond the contractor's 
control. 


e Incentives may also be used in conjunction with a lump sum 
contract. 
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A cost reimbursable contract 1s an agreement by the contractor to perform 
the work and be reimbursed on the basis of actual costs incurred for material and 
labor, plus an agreed amount for the contractor's overhead and profit (The 
Business Roundtable Report A-7 1982). The “agreed amount” is often referred to 
as the “fee.” Variations of cost reimbursable contracts include (Nesius 1998): 


e Cost plus a Percentage Fee — the contractor's fee is a 
percentage of the actual project cost. 


e Cost plus a Fixed Fee — a fee covering the contractor’s 
overhead and profit if negotiated before the project 


commences. 


e Cost plus an Incentive Fee — some or the entire fee is 
dependent upon achieving certain cost, schedule or other goals. 


e Cost plus an Award Fee — fee varies according to certain 
agreed criteria on which the contractor is_ rated for 
performance. 

e Guaranteed Maximum Price — similar to cost plus a fixed fee 
except that a ceiling is set for 100% cost reimbursement to the 
contractor. 

This research will examine al] variations of lump sum and cost 
reimbursable contracts as a whole. The variations of each type of contract will 


not be evaluated independently as to what effect they have on the desirability of 


P&S specification clauses. 
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2.4 PAST RESEARCH 

While there has been some research accomplished on developing P&S (or 
CPM) specifications for construction projects, very little research has been 
completed on selecting P&S specification clauses. P&S specifications can vary 
from being a brief paragraph stating the Contractor will use CPM to being many 
pages stating how the Contractor is to use CPM. Projects with different cost, 
scale, and complexity may require varying degrees of control, thus, different P&S 
specification clauses should be required to meet these varying degrees of control 
(Fairchild 1985). 

A first-rate P&S specification considers the objectives of all of the 
principal parties involved in the project; Owner, Architect/Engineer, General 
Contractor, and Subcontractors. Each party has different goals or objectives in 
their use of the P&S specification system. Each party will be more committed to 
carry out their required P&S obligations if the P&S specifications meet each 
party's objectives and goals (Fairchild 1985). This is a recurring theme in much 
of the literature published on P&S specifications. These systems are only as good 
as the Contractor and Owner's motivation to implement them. 

A balance has to be found on the level of detail of the P&S specification 
system. P&S specifications that are too brief are likely to cause problems as well 


as specifications that are too cumbersome or too detailed (Popescu 1987). 





P&S specification clauses can cause problems if they are not properly 
worded, applied, or adhered to. A report to the Construction Industry Institute on 
the impact of clauses on project performance states “Clauses related to work 
scope definition, changes, and project control are the most frequent source of 
disputes and poor project performance” (Ashley 1986). 

Many of the clauses in P&S specifications can be used to remedy schedule 
“Games” people play. For instance, using a clause specifying progress payment 
for a Contractor's Planning and Scheduling effort can motivate a contractor to 
keep the schedule updated. Other clauses that can also help remedy other 
“games” are minimum/maximum number of activities, maximum activity 
duration requirement, and interim milestone dates (Zack 1992) 

This research looks at all of the P&S specification clauses contained in 
Appendix A and asks Contractors and Owners if they would include the clauses 
given a notional project with a specified level of complexity. This will provide 
insights as to which clauses Contractors and Owner like and which ones they do 


not like. 
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Chapter 3: Research Methodology 

This chapter will discuss the methodology used to conduct the research 
contained in this thesis. The source of data for this thesis is briefly discussed 
followed by a description of techniques used to analyze the data. 

3.1 SURVEY 

The data for this thesis was collected by sending surveys to contractors, 
owners, and U.S. Naval Facilities (NAVFAC) Engineering Field Divisions (EFD) 
and Engineering Field Activities (EFA). Fifty contractors and fifty owners were 
randomly selected from Engineering News Record’s top 100 contractors and 
owners. One survey participant from each NAVFAC EFD and EFA (a total of 
eight) was selected to complete the survey. 

The survey consisted of four parts: 1) a cover letter, 2) instructions on how 
to complete the survey, 3) the actual survey, and 4) sample planning and 
scheduling guide specifications. The sample specification and the full version of 
the instructions is contained in Appendices A and B respectively. 

The aforementioned purpose of this thesis is to determine how 
construction project complexity and contract remuneration type affect the 
desirability of planning and scheduling specification clauses. Therefore, project 


complexity and remuneration type had to be defined and incorporated into the 
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Survey. 


These attributes for both complexity and remuneration type were defined 


in Chapter 2 of this thesis. 


A list and bnef description of the P&S specification clauses considered in 


this thesis follows. The complete wording of each clause is contained in 


Appendix A. 


No. 
1.1 
2 
1.3 
1.4 
1.5 
1.6 
1.7 
1.8 
1.9 
1.10 
Pl 
1.12 
et 3 
1.14 
21 
D7 
2.3.1 
Peoe2 
e3 
25.4 
Ea) 
2.3.6 
2.3.7 
2.3.8 
2.4.1 
Peaee 
2.4.3 
Pua 
ZA 


Description of Clause 

Description, References, Standards 

Scheduling Responsibility 

Minimum Qualifications of Planning and Scheduling Staff 
Training Requirement for Contractor, Subcontractor, Owner 
Preliminary Network Submission Deadline 

Detailed Network Submission Deadline 

Review and Approval Process 

Cost of Planning/Scheduling and Monitoring 

Progress Payments for Planning/Scheduling and Monitoring 
Subcontractor Input 

Contractor's Scheduling Plan 

Planning/Scheduling and Monitoring Audits 
Confidentiality/Schedule Ownership 

Computer Access and Security 

Network Analysis Technique 

CPM Software (or equal) to be Used 

Activity Description 

Activity Duration (Time Units) 

Activity Coding System 

Responsibility Codes 

Activity Level Resources 

Project Level Resources 

Activity Costs 

Work Calendars 

Maximum Activity Duration 

Maximum Activity Costs 

Minimum Number of Activities in the Completed Network 
Minimum Number of Activities in the Preliminary Network 
Summary Schedule 





2.5.2 Preliminary Network 
2.5.3 Detailed Network 


2.6 
yee | 
2.8 
ee 
2.10 


Project Breakdown Structure 

Milestones and Imposed Dates 

Activity Sorting Requirements 

Drafting Requirements 

Required Reports for Initial Submittal of Completed Network 


2.11.1 Resource Aggregation 
2.11.2 Resource Leveling 
2.11.3 Resource Allocation Optimization 


ey 
oP 
oo 
3.4 
55 
546 
Bel 
Brie 
Se ee 
3.8 


of experience as a project manager on various sized projects and experience using 
computerized scheduling software. The respondents were tasked with choosing 
s1X notional projects containing the attributes listed in Table 3.1 and determining 
the desirability of each P&S specification clause based on their expert opinion and 


EXpDenlence: 


Updating Frequency 

Updating Participation 

Updated Network Approval 

Updating Turmmover Time 

Updating Records and Reporting 

Float Management 

Change Order Representation 

Change Order Summary/Documentation 
Timing of Change Order Incorporation 
Required Reports at Each Update 


The cover letter asked that respondents to the survey should have ten years 


following responses for each clause: 
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For each notional project, the respondent marked one of the 





e Y — Yes, respondent feels strongly that this clause should be 


included in the specification; 


e N-—-No, respondent feels strongly that this clause should not be 


included in the specification; or 


e U —- Undecided, respondent is undecided as to whether this 
clause should be included in the specification. 


Table 3.1: Project Attributes for Survey 


es ee 
re ee 
Cie fons 
re ee Sera 
res ee era 


















Five contractors, two owners, and eight NAVFAC EFDs and EFAs 


completed the surveys and returned them. This research will analyze those 15 


responses. 
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3.2 KEY DEFINITIONS 
This section covers a couple of key definitions that are very important to 
the understanding of this research. 
3.2.1 Specification Desirability Rating 
The Specification Desirability (SD) rating measures each respondent 
affinity toward the specification as a whole. As mentioned previously in this 
section, each respondent can choose from among three responses for each clause 
on each notional project. There are six total notional projects: three Lump Sum 
projects, and three Cost Reimbursable projects. The following points were given 
to each response: 
eres 5.0 
e Undecided = 1.5 
e No=0.0 
To calculate the Specification Desirability (SD) rating, the following steps 
were completed: 


e Total a respondent’s scores for a notional project (e.g. high 
complexitylump sum) based on the points above 


e Divide the total by the number of clauses responded to 
(maximum of 49) 
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3.2.2 Clause Desirability Rating 

The Clause Desirability (CD) rating measures the average desirability of 
each clause for a notional project. The same point system that was used for SD 
rating was used for CD rating. To calculate Clause Desirability (CD) rating, the 
following steps were completed: 


e Total all of the responses for a clause for a notional project 
based on the points above 


e Divide the total by the number of respondents that provided 
input (maximum of 15) 

3.3 ANALYSIS TECHNIQUES 

Once the surveys were returned from the respondents, the data was input 
into the tables listed in Appendices C, D, E, F, G, and H. There is an appendix for 
each notional project listed in Table 3.1 All of the data analysis performed in this 
research can be retrieved from these appendices. 

The following items were studied to determine what effect, if any, project 
complexity and contract remuneration type have on the selection of P&S 
specification clauses: 


e Determine if project complexity affects the number of P&S 
clauses selected. 


e Determine if contract remuneration type affects the number of 
P&S clauses selected. 
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e Determine which clauses show statistically significant evidence 
that there is a relationship between the desirability of that 
clause and project complexity. 

e Determine which clauses show statistically significant evidence 
that there is a relationship between the desirability of that 
clause and contract remuneration type. 

e Determine if there is a statistically significant difference in the 
number and specific clauses that contractors and owners prefer. 

The following statistical methods will be utilized to establish the 
relationships listed above: Analysis of Variance (ANOVA) and Contingency 
Tables. 

3.3.1 Analysis of Variance (ANOVA) 

The purpose of one-way ANOVA is to evaluate the statistical significance 
of differences between two or more sample means. This procedure evaluates the 
differences in means by analyzing variances (Diekhoff 1996). The following 
three aSsumptions are made when dealing with ANOVA: 1) the population is 
approximately normally distributed, 2) population variances are equal, and 3) the 
samples are independent and random. 

To test whether the population 1s approximately normally distributed, a 
Chi-square goodness of fit test was used. The following rule of thumb test was 


used to determine if the samples represent population variances that are 


approximately equalazsani, = S max, Wieleusennmana ee are the minimum and 





maximum sample variances. A two sample F-test to compare two population 
variations was also performed to check to see if population variances are 
approximately equal. Since the respondents for the survey were randomly 
selected, the samples are both independent and random. 

If the assumptions are substantiated, ANOVA 1s performed on the data. A 
confidence interval of 95% or a = 0.05 is used. An @ = 0.05 means that the 
probability of Type I error, rejecting the null hypothesis when it is true, is 5%. 
The null hypothesis (Hy) states that the population means are equal, the alternate 
hypothesis (H,) states that population means are not equal. 

H, is accepted when either of the following conditions are met: 

e Condition one: P-value < oa and F < F crit, or 
e Condition two: P-value >a 
The following condition has to be met in order to reject Hy and accept H,: 


e Condition: P-value <aandF> F crit 


3.3.2 Contingency Tables 
A contingency table can be used to analyze the relationship between two 
variables. The relationship is established by comparing observed frequencies (f/,) 


to expected frequencies (f.). The observed frequencies were collected from the 


21 





data provided by the respondents, and the expected frequencies were calculated 
based on row and column totals. 
Expected frequencies are calculated as follows: 


fe for position row i column] = LO WHOA (cena LA, 
grand total for contingency table 
Once all of the f, and f. have been established, a chi-square (x7) 


significance test is performed. Chi-square is calculated as follows: 


2 (fo — fe) 
x =2 a 


Any chi-square value that is greater than zero shows evidence that there is a 
relationship between the two variables; however, this relationship may or may not 
be statistically significant. 

The null hypothesis (H,) states that no relationship exists between the two 
variables, and the alternative hypothesis (H,) states that a relationship between the 
two variables exists. To test this hypothesis, the calculated chi-square value is 
compared to a critical value of x°. The critical x” value is based on the degree of 
freedom (df) of the contingency table and a selected level of significance (a). If 
the calculated value of x* is greater than the critical value of y?, then H, is 


rejected. 
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While the chi-square test will reveal that a relationship exists between the 
two variables, it will not reveal the strength of that relationship. For this, a 


Cramer’s V statistic is calculated as follows: 


— x 
N(n-1) 
where 
V = Cramer’s V Statistic 
4 = the chi-square statistic 
N = _ the grand total for the contingency table 


n = the number of rows or columns in the contingency table, 
whichever is smaller 


Cramer’s V statistic produces a number from zero to one. Where zero 
means the relationship 1s non-existent and one 1s the strongest that the relationship 


can be. 
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Chapter 4: Analysis 
This chapter contains the analysis performed on the data provided in 
response to the survey. The main focus of the analysis is how project complexity 
and contract remuneration type affect the desirability of P&S specification 
clauses. 


4.1 CLAUSE SELECTION FACTOR: PROJECT COMPLEXITY RATING VS. 
SPECIFICATION DESIRABILITY RATING 


This section evaluates how the Project Complexity rating affects the 
Specification Desirability rating and determines if a relation exists between the 
two. Based on the desirability scomng system in Chapter 3, a Specification 
Desirability (SD) rating was calculated for each respondent. In plain language, 
the SD rating is a measurement of each respondent’s affinity for all of the P&S 
specification clauses as a whole. The SD rating for each respondent can be seen 


meeable 4.1. 
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Table 4.1: Specification Desirability for Respondents 


Lump Sum Contracts ee 
[High Medion] Low | righ [Mest] tow 










/Mean | 2.321 | 1.768 } 1018 018 | 2410 | 1.778 | 0.988 988 
The data in Table 4.1 was used to determine if project complexity affects 
the number of clauses desired by the respondents for each notional project. If this 


is true, then the difference in the means for each complexity rating will be 


statistically significant. ANOVA was used to determine this. 


yaa, 





Before ANOVA testing is performed, it 1s prudent to test the following 
assumptions that are associated with ANOVA: 

e the population is approximately normally distributed 
e the population variances are approximately equal 
e the samples are independent and random 

The Chi-square (x”) goodness-of-fit test was performed to see if there was 
a significant difference between the sample distributions and normal population 
distribution. In Table 4.2, the y’ value is less than the critical y” value; therefore 
the difference in distributions 1s not significant. 

The x? goodness-of-fit test typically cannot be used when more than 80% 
of the expected frequencies are less than five. Expectant frequencies (f-) less than 
five will often result in a x? value that is abnormally large for a corresponding 
small difference between f, and f,. For this test, a high x? value would most 
probably result in Type II error, which is rejecting the populations being normally 
distributed when they really are. However, it should have little affect on Type I 
error, which is accepting the populations being normally distributed when they 


really are not. Since the x" values are small, the test was used. 
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Table 4.2: High Complexity/Lump Sum Projects 


z-scores Lower Upper % Observed Expected 
-3 to -2 1.047 hAay2 2.15% l 0.323 
-2 to -1 1.472 1.896 13.59% 0 2.039 
-lto0 1.896 2.321 34.13% 6 520 
0 to +1 2.321 2.746 34.13% 6 alee 
+1 to +2 2.746 Sis 2 2.039 
+2 to +3 oelgt 559052 ce 0 0.323 
x? 4.088 

Critical 77 9.236 


The results of the Chi-square goodness-of-fit test for the other sample 


distributions listed in Table 4.1 are shown in Table 4.3. 


Table 4.3: Summary of x° Goodness of Fit Test for Lump Sum Projects 


Remuneration Project 4? Critical 7 Normally 
Type Complexity Distributed? 
Lump 
Sum 


High 3.220 9.236 Yes 
_ Cost Medium 1.988 9.236 Yes 
Reimbursable 


es 
9236 Yes 





Yad} 





In Table 4.3, all of the x? values 1s less than the critical x? value; therefore 
the difference between the sample distnbutions and normal population 
distribution is not significant. This satisfies the first assumption that the 
populations are normally distributed. 

To test the second assumption, the following rule of thumb test was used: 
Te < See where eae and ae are the minimum and maximum sample 
variances. Table 4.4 shows the results of this test. Since Ie is less than <a 
for both Lump Sum and Cost Reimbursable projects, it 1s concluded that the 


population variances are not significantly different. 


Table 4.4: Test for Equal Variances 


Remuneration Type | 2S'min | Sémax Variances Approx. Equal? 
Cost Reimbursable 0.339 0.419 


To satisfy the third assumption, the respondents were randomly selected; 






therefore the samples are both random and independent. 
Single factor ANOVA was performed to see if the following samples 
means were significantly different: high vs. medium complexity, high vs. low 


complexity, and medium vs. low complexity. This was done for both Lump Sum 
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and Cost Reimbursable projects. The alpha (a) for each ANOVA was 0.05. The 
null (H,) and alternative (H,) hypotheses follow: 


H,: the means of the SD ratings for each complexity rating are 
equal for Lump Sum projects. 


H,: the means of the SD ratings for each complexity rating are 
not equal for Lump Sum projects. 


As seen in Table 4.5, ANOVA provides the following terms: 
e SS — sum of squares error 
e df-— degree of freedom 
e MS — mean squared error 


e F — the actual ratio of explained vanation to unexplained 
variation 


e P-value — the actual level of significance of ANOVA (1.e. the 
probability of rejecting H, when it is true) 


e F crit — the expected ratio of explained vanation to 
unexplained variation 


One of the following conditions has to be met in order to accept Hy and 
reject H,: 
e Condition one: P-value < a and F < F crit, or 
e Condition two: P-value >a 
The following condition has to be met in order to reject H, and accept H;: 


e Condition: P-value < aqand F > F crit 
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Table 4.5: ANOVA of High vs. Medium Complexity for Lump Sum Projects 


SUMMARY 
Groups Count Sum Average Variance 
High Complexity 15. 34.8195. 2.3213-0.1805. 
Med Complexity 14 24.7538 1.7681 0.2506 
ANOVA 
Source of Variation SS df. = = MS ~~ F-—— ~P-value’—s- F crit — 
BetweenGroups 2.2158 ~=—s«dL~Ss«é2.2158 10.3428 = 0.0034 4.2100 
Within Groups 5.7845 27 = =0.2142 
Total 8.0004 28 


A review of Table 4.5 shows that the condition to reyect Hy and accept H, 
is met. Therefore, the difference between the means of the SD ratings for high 
and medium complexity, lump sum projects are statistically significant. Table 4.6 
shows the summary of ANOVA results for Lump Sum and Cost Reimbursable 
projects. H, was rejected for each case that an ANOVA was performed. This 
shows Statistically significant evidence that there is a direct correlation between 
project complexity and the number of P&S specification clauses desired for both 


Lump Sum and Cost Reimbursable projects. 
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Table 4.6: Summary of ANOVA for Complexity vs. SD Rating 


Type H,? 
| 















Cost 





Reimbursable 





4.2 CLAUSE SELECTION FACTOR: LUMP SUM VS. COST REIMBURSABLE 

This section evaluates how Contract Remuneration Type affects 
Specification Desirability (SD) rating and determines if a relation exists between 
the two. The data used in this section came from Table 4.1. Data from the high 
complexity Lump Sum notional project was compared to data from the high 
complexity Cost Reimbursable notional project. The same comparison was 
completed for both medium and low complexity projects. 

The three assumptions associated with ANOVA still apply. The normal 
distribution and independent and random sample assumptions that were tested in 


Section 4.1 apply to this section, so they do not have to be tested. However, since 
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this section is comparing different samples than were compared in the previous 
section, the assumption of equal variances must be tested to see if it is true. 

A two-sample F-test to compare two population variations was completed 
to test the assumption of equal variance. The same criteria for accepting and/or 
rejecting H, and H, for ANOVA in last apply for the F-test to compare to 
population variations. 

H,: the population variances are equal. 
H,: the population variances are not equal. 

A review of Tables 4.7 through 4.8 show that Hy should be accepted and 

that H, should be rejected. Therefore, it is concluded that the population 


variances are equal. 


Table 4.7: Two Sample F-test for High 
Complexity Projects 


High-LS High-—CR 


Mean DAV ANG) 2.4103 
Variance 0.1805 0.1844 
Observations 15 14 
df 14 13 
F 0.9791 


P(F<=f) one-tail 0.4821 
F Critical one-tail 0.3988 
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Table 4.8: Two Sample F-test for Medium 
Complexity Projects 


Med-LS Med-—CR 
Mean 1.7791 1.7877 


Variance 0.2474 0.1661 
Observations 14 13 
df 3 12 
F 1.4892 
P(F<=f) one-tail 0.2489 


F Critical one-tail 2.6602 


Table 4.9: Two Sample F-test for Low 
Complexity Projects 


Low-LS Low—-CR 


Mean =~—s*M.0181 ~—-0.9879 © 
Variance 0.4200 0.4191 
Observations 14 ie 
df Ie IZ 

F 1.0021 


P(F<=f) one-tail 0.5016 
F Critical one-tail 2.6602 


Since all three assumptions have tested satisfactorily, ANOVA is 
performed on the samples to see if there is a statistically significant difference 
between the means. A confidence level of @ = 0.05 was used. 

H,: the means of the SD ratings for Lump Sum Projects and Cost 


Reimbursable Projects are equal for projects with the same 
Complexity Rating. 
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H,: the means of the SD ratings for Lump Sum Projects and Cost 
Reimbursable Projects are not equal for projects with the 
same Complexity Rating. 

Table 4.10 is a summary of the ANOVA results. A review of this table 
reveals that the P-value for each ANOVA is greater than the confidence level at 
which the analysis was performed. Therefore, H, should be accepted and H, 
rejected. This shows that there is no significant evidence of a correlation between 


Contract Remuneration Type and the number of P&S specification clauses desired 


for projects of equal Complexity Rating. 


Table 4.10: Summary of ANOVA Comparing Contract Remuneration Types 


Project . Reject 







4.3 CLAUSE SELECTION FACTOR: PROJECT COMPLEXITY VS. CLAUSE 
DESIRABILITY RATING 


Section 4.1 established that there is a statistically significant relation 
between Project Complexity Rating and SD rating; however, it does not provide 


any information regarding specific clauses and how Project Complexity Rating 
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affects each clause’s desirability rating. This section will analyze the relation 
between Project Complexity rating and Clause Desirability (CD) rating. 

A contingency table was set up for each clause, and a Chi-square test of 
association was performed to establish if a relationship between complexity and 
desirability exists. A Cramer’s V statistic was calculated to determine the strength 
of the relationship between complexity and desirability. 

The relationship between complexity and desirability was unable to be 
proven statistically in many of the clauses because of the low number of 
respondents to the survey. The Chi-square test of association compares the 
number of observed frequencies to the number of expected frequencies (see 
Chapter 3). If more than 20% of expected frequencies in the Contingency Table 
are less than a quantity of five, the Chi-square test of association may not be 
viable (Diekhoff 1996). 

Throughout the survey, use of the “Undecided” option was significantly 
less than use of either the “Yes” or “No” options. An answer of “Undecided” 
was used in only 10.6% of the responses. “Yes” and “No” were used in 52.3% 
and 37.1% of the responses respectively. Since the respondents used the 
“Undecided” option so infrequently, none of the contingency tables contained 
more than five expected frequencies for the “Undecided” option. Therefore, the 


“Undecided” responses were combined with the “No” responses in the 
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contingency tables. After combining these responses, 46.9% of the clauses for 
notional Lump Sum projects and 44.9% of the clauses for notional Cost 
Reimbursable projects met the criteria for a successful Chi-square test of 
association. Cramer’s V statistic was also calculated for each clause to measure 
the strength of the relationship between project complexity and clause 
desirability. 
4.3.1 Lump Sum Projects 

The degree of freedom df for each Contingency Table is two. For this 
research, the ¥* test of association was evaluated at a confidence level of a = 
0.05. This produces a Ne critical value of 5.99. The null (H,) and alternative (H,) 
hypotheses are stated below: 


H,: no relationship exists between Project Complexity Rating and 
Clause Desirability Rating 


H,: a relationship exists between Project Complexity Rating and 
Clause Desirability Rating 


The following condition has to be met in order to accept Hy and reject Ha: 
© Condition: ¥* <5.99 

The following condition has to met in order to reject H, and accept H,: 
© Condition: x7 > 5.99 

Tables 4.11 through 4.13 are Contingency Tables for the Lump Sum 


project clauses with the three highest Cramer’s V statistic in which the f, critena 
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was met. The values in parentheses in each table are the expected frequencies. 
All of the Contingency Tables that met the Chi-square criteria for expected 


frequencies are included in Appendix I. 


Table 4.11: Contingency Table for Clause No. 1.3 as a Lump Sum Project 


Clause Title: Clause Desirability Rating 


Minimum Qualifications of E 
Planning and Scheduling Staff Yes Und/No Totals 


; | Re pi 


Project 5 9 
Complexity Medium 14 
nee 6.2 7.8 
ating 
Low - 14 
6.2 7.8 
x 19.17 
Ne critical a9 
Cramer’s V 0.668 


A review of Table 4.11 shows that the condition to reject H, and accept H, 
is met. Therefore, for Lump Sum projects, the desirability of clause “/.3 
Minimum Qualifications of Planning and Scheduling Staff” is related to project 
complexity. Further review of Table 4.11 shows that the relationship is a direct 
one (i.e. desirability increases as complexity increases and vice versa). A review 


of Tables 4.12 and 4.13 will show the same results. 
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Table 4.12: Contingency Table for Clause No. 1.5 as a Lump Sum Project 


Clause Title: Clause Desirability Rating 


Preliminary Network 
Submission Deadline Und/No Totals 


Yes 
Its 
High 


: 15 
, 6.2 
Project 7 7 
Complexity Medium 14 
ae 8.1 3y 
ating 
Paw 5 1] 14 
8.1 De 
x 18.93 
x” critical 5.99 
Cramer’s V 0.664 


Table 4.13: Contingency Table for Clause No. 3.7.2 as a Lump Sum Project 


Clause Title: Clause Desirability Rating 
Change Order 
Summary/Documentation Yes cae dotals 
14 ] 
Proje th E 
roject 9 é 
Complexity Medium 8 8 5 14 


we 
Rating 7 4 10 a 
8.8 Dae 


y, 13:62 
Ne critical 3.99 
Cramer’s V 0.550 


Tables 4.14 through 4.16 are Contingency Tables for the Lump Sum 


project clauses with the three lowest Cramer’s V statistic in which the f, criteria 
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was met. The same conditions for accepting/rejecting H, and H, previously stated 


above still apply. 


Table 4.14: Contingency Table for Clause No. 2.3.5 as a Lump Sum Project 


Clause Title: Clause Desirability Rating 
Activity Level Resources oe Und/No Tarai 
y 6 
7? 13 : 


Project 2 6 
Complexity Medium 79 14 


Rating 
Lm i 


Va 3.44 
7” critical 5.99 
Cramer’s V 0.283 


A review Of Table 4.14 shows that the condition to accept H, and reject Ha 
is met. Therefore, for Lump Sum notional projects, the relationship of clause 
desirability and project complexity for clause “2.3.5 Activity Level Resources” 1s 
not statistically significant. Does this mean that there is no relationship between 
clause desirability and project complexity for this clause? No, it only means that 
there is not enough evidence to reject Hy at a confidence level of © = 0.05. Also, 
since ¥° increases as the number of f, increases, additional respondents would 


likely result in x exceeding the critical value of 1°. For example, if all of the f, in 
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Table 4.14 were doubled, then x° would equal 6.87. This value is high enough to 
reject H, and accept H,. However, it is interesting to note that Cramer’s V would 
remain the same. This happens because the total number of observed frequencies 
does not affect Cramer’s V statistic. 

A review of Tables 4.15 and 4.16 also show that there is not enough 


evidence to reject Hp. 


Table 4.15: Contingency Table for Clause No. 2.3.7 as a Lump Sum Project 


Clause Title: Clause Desirability Rating 
eae ty Costs Yes Und/No Totals 
10 5 
oe E 
roject 


_ 3 9 5 
Complexity Medium g ] 5.9 


Rating 


ie 2.01 
xX critical 5.99 
Cramer’s V 0.216 
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Table 4.16: Contingency Table for Clause No. 3.3 as a Lump Sum Project 


Clause Title: 
Updated Network Approval 


Project 
Complexity 
Rating 


Fifty-three percent of the clauses for notional Lump Sum projects did not 
meet the criteria for fe. However, Contingency Tables were constructed for these 
clauses, and y* and Cramer’s V statistic were calculated for each clause. While 
the calculated m value cannot be used to accept/reject H, and H, for these clauses, 


Cramer's V statistic can be used to provide insight on the strength of the 


Clause Desirability Rating 


Medium 


5 8 
Low 4 


. He + 
High so : 


x; 2.94 
¥ critical a, 
Cramer’s V 0.261 


relationship between complexity and clause desirability. 


An issue that is of note is that a low fe will result in an abnormally high 7 
value for a corresponding small difference between f. and f>. This increases the 
probability of Type I error, which 1s rejecting H, when it is true. However, it does 
not increase the probability of Type II error, which is failing to reject H, when it 
1s false. Therefore, for Contingency Tables that do not meet the fe criteria, if the 


resulting y° value is very low, this may show evidence that H, should be accepted. 


4] 


Yes Und/No Totals 





Table 4.17 shows the x" and Cramer’s V statistic results for all clauses 


regardless of whether the fe criteria was met. 


Table 4.17: y° Values and Cramer’s V Statistic for Lump Sum Projects 


No. x Criteria | No. x Criteria 
Mei | 6.23 | 381 Yes 24.2) 4-20) Sosa Ney 
12 | 261 | 0.246 | No [243 | 7.03 | 0.404] Yes 

13 | 19.17 | 0.668 | Yes [244 | 463 | 0.328] Yes 

(14 | 16.02 | 0610 | No {25.1 | 10.68 | 0.498] Yes | 
Bie) | 8:77 _| 04S 2 NC Sere colons Nowa 
Brey) | 099) TONS 25 NC | 27 oa oes ee 
er re re aaa En ees Oe | 
Baro) | 10.96 _|/0:505 |) Yes 29 isa oe) |e 
Fil | 10.35 | 0.491 | No [2.10 | 10.70 | 0.517[ Yes 
112 | 740 | 0415 [| No [2.111 | 1056 | 0.496| No 
Pes. | 0.73 | 0.130 | No 9/2112 7) 9 20 oes Nea 
iia | O11 | 0.049 | No [2113 | 10.56 | 0.496| No 
21 | 960 | 0473 | No 43.1 | 1149 | 0517| No 
2) | 4.29 | 0316 | Nol e274 s0N Oe Tal vee 
ee | 733 | 0413 | Noes) ees kama 
eo2 | 6840399 | NOEs | P4esm0325)| yaa 
pes | 413574 | Noes = | ea oe 
ees | 87s. | NOB | ia oso ie 
Bes | 3.44uieess | yess | iee04S2) Noe 
Yes ne 

3.8 


























(2.3.8 | 10.59 | 0.502 | No [38 | 604 | 0375| Yes 
ya |_1i7t, | 01522), eves mmm ec 








There is a relationship between project complexity and clause desirability 
for most clauses; however, there are some clauses that show very little evidence 
that a relationship exists. The following clauses all have x” value less than three: 

e 1.2: Scheduling Responsibility 
e 1.8: Cost of Planning/Scheduling and Monitoring 


e 1.9: Progress Payments for Planning/Scheduling and 
Monitoring 


e 1.13: Confidentiality/Schedule Ownership 
e 1.14: Computer Access and Security 
e 2.3.7: Activity Costs 


e 3.3: Updated Network Approval 





Clause 1.2: Scheduling Responsibility 


Desirability Rating 





Low Medium High 
Complexity Rating 





-— 








Figure 4.1: Responses to Clause 1.2 
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Figure 4.1 reveals why clause 1.2 has a very low x° value. This is because 


this clause’s desirability rating is high even for low complexity projects. This 


clause identifies who is responsible for the Schedule. 





Desirability Rating 





Clause 1.8: Cost of Planning/Scheduling 





Low Medium High 


Complexity Rating 








Figure 4.2: Responses to Clause 1.8 








Desirability Rating 


Clause 1.8: Cost of Planning/Scheduling 










gy Contractor 
w Ow ner 


Medium 
Lump Sum 
Complexity Rating 








Figure 4.3: Contractor and Owner Responses to Clause 1.8 





Figure 4.2 shows that clause 1.8 is not a particularly desirable clause. 
Figure 4.3 shows how both Contractors and Owners view this clause. Contractors 
gave it a higher CD rating than Owners. Clause 1.8 sets up the method to 
estimate how much the Contractor will get paid for performing Planning, 
Scheduling, and Monitoring. 

Clause 1.9, which is shown in Figures 4.4 and 4.5, 1s dependent upon 
clause 1.8. Clause 1.9 sets up how progress payments will be made to the 
Contractor for performing Planning, Scheduling, and Monitoring, which is based 


on the estimates developed as a result of clause 1.8. 


Clause 1.9: Progress Payments for Planning/Scheduling 








© 7) 
£ 
o 
x 
= 
fa) 
2 
7) 
@ 
ran) 
Low Medium High 
Complexity Rating 





Figure 4.4: Responses to Clause 1.9 
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ms a eS a 
Clause 1.9: Progress Payments for Planning/Scheduling 








g Contractor 
m Ow ner | 


Desirabllity Rating 


Medium 





Lump Sum 
Complexity Rating | 


Figure 4.5: Contractor and Owner Responses to Clause 1.9 





Figure 4.5 shows a more significant difference between Contractor and 
Owner Desirability Rating for clause 1.9 than Figure 4.3 did for clause 1.8. This 
is because clause 1.9 deals with actual progress payments to the Contractor. 

The subject of clauses 1.13 and 1.14 is schedule confidentiality and 
computer access/security. There is a low correlation between complexity and 
clause desirability for these clauses because the complexity of a project is not 
related to the need for schedule confidentiality and computer access/secunity. 
These are issues are determined by the owner and are independent of project 
complexity. 

There was significant difference in the responses to clause 1.14 between 
Contractors and Owners (see Figure 4.6). Most of the Owners that responded to 


the survey are from NAVFAC. The Navy, like other Department of Defense 
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organizations, 1S very conscientious regarding computer access and 





security. 
———  -. se 1 pains: i lic. iia? > erin 
| Clause 1.14: Computer Access and Security 
; 
Lo] 
= | 
wa — 
| md : w Contractor | 
| = , wOwner | 
Ne 
3 
Qa 0 | 
| Low Medium High 
| Lump Sum 


Complexity Rating 


L 





Figure 4.6: Contractor and Owner Responses to Clause 1.14 


A review of Figure 4.7 shows that clause 2.3.7 has very little variation in 
Clause Desirability rating from high complexity to low complexity. Figure 4.8 


shows a huge difference in how Owners and Contractors view this clause. 
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as A = _ 


Clause 2.3.7: Activity Costs 





























3 
o 
£ 
& 2 
£ a Lump Sum 
2 1 i 
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rr 
® 
f a 
| 0 * : “3 
| Low Medium High 
Complexity Rating 
|_r i 
Figure 4.7: Responses to Clause 2.3.7 
Clause 2.3.7: Activity Codes 
= 3 
£ 
® > 
= g Contractor 
= m@ Owner 
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Lump Sum 
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Figure 4.8: Contractor and Owner Responses to Clause 2.3.7 


Figure 4.9 also shows very little variance in Clause Desirability rating for 


clause 3.3 from high complexity to low complexity. 
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Clause 3.3: Updated Network Approval 


@ Lump Sum | 








Low Medium High 


| Complexity Rating 





Figure 4.9: Responses to Clause 3.3 


4.3.2 Cost Reimbursable Projects 

The same x’ test of association and Cramer’s V statistic were completed 
for notional Cost Reimbursable projects as were for notional Lump Sum projects. 
The same a, df, Ho, and H, were also used. The results of these testes are shown 
in Table 4.18. If the f. criteria is met and x° = 5.99, then it is concluded that a 
Statistically significant relationship exists between Project Complexity and Clause 
Desirability. Contingency Tables for all of the clauses that met the f, criteria are 
in Appendix J. 

Fifty-five percent of the clauses for notional Cost Reimbursable projects 
did not meet the criteria for f.. While the calculated y? value cannot be used to 


accept/reject Ho and Ha for these clauses, Cramer’s V statistic can be used to 
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provide insight on the strength of the relationship between complexity and clause 
desirability. 
Table 4.18 shows the a and Cramer’s V statistic results for all clauses, 


including those that did not meet the criteria for fe. 
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Table 4.18: y° Values and Cramer’s V Statistic for Cost Reimbursable Projects 


Clause 3 3 Meets f, 










Criteria} No. 
0.276 SHS 
2 |__ 2.76) Posen Noy Ree sea eee 
| 18 | 274] 0.262{No | 27 | 695| O417| Yes | 
mo) | 1.23 | OS Noma Ee oe cee 
| 1.10 | 17.88] 0.669} Yes | 29 |  6.33{ 0.398] Yes 
pitt | 9.69] 0.492|No | 2.10 | 9.05| 0.494] Yes | 
p12 | 5.47] 0.370[No | 2.11.1 | 9.86] 0.496| No 
BA |i 0-73]. 135, | Nios) 211-2 92k 


2.1 | 1142] 0.534/No | 3.1 | 8.24} 0.454 | No 
mee | 551) 0371) No 2 
2.31 | 551) 0371|No | 3.3 | 3.26] 0.285 | Yes__ 
p23.2 | 5.01) 0.354) No | 3:4 7852)| 01433) Ne 






235 | 4.90] 0.350| Yes | 3.7.1 [| 7.01] 0419|No | 
23.7 |  3.27[ 0.286|No | 3.7.3 | 6.58] 0.405] Yes 
2.38 | 7.09] 0426/No | 38 | 883) 0470) Yes 
241 | 958] 0.489} ¥Yes Fo | 






As with the notional Lump Sum projects, there is a relationship between 
project complexity and clause desirability for most clauses, however; there are 


some clauses that show very little evidence that a relationship exists. The 
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following clauses had x° values less than three (none of the clauses met the f, 
criteria): 
e 1.8: Cost of Planning/Scheduling and Monitoring 


e 1.9: Progress Payments for Planning/Scheduling and 
Monitoring 


e 1.13: Confidentiality/Schedule Ownership 


e 1.14: Computer Access and Security 


Section 4.2 established that there was not a significant difference between 
the Specification Desirability (SD) ratings for Lump Sum and Cost Reimbursable 
projects; therefore, it 1s expected that the clauses with the four lowest x” value and 
Cramer’s V statistic for Lump Sum and Cost Reimbursable projects would match 
(or at least have some clauses in common). As seen above, the four lowest for 
Cost Reimbursable projects are the same as the four lowest for Lump Sum 
projects. Figure 4.6 shows some differences in both Lump Sum vs. Cost 


Reimbursable and Contractor vs. Owner for clause 1.8. 


a2 





Clause 1.8: Cost of Planning/Scheduling 





e)) 
£ 
8 ba 
> © Contractor 
3 w Owner 
© <a 
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Lump Sum Cost Reimbursable 
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Figure 4.10: Contractor and Owner Responses 


A review of Figure 4.10 shows significant difference between Contractor 
and Owner responses for Cost Reimbursable projects at the medium and high 
complexity level as compared to Lump Sum projects at the same complexity 
levels. Even though the Owner assumes more risk with Cost Reimbursable 
contracts, the Contractor has to spend more administrative time tracking costs. 
Contractors are probably looking for additional compensation by responding 
“Yes’’ more often with this clause for Cost Reimbursable projects. If this clause 
is added to the specification, Planning and Scheduling now becomes a cost that 
can be adjusted to reflect actual costs instead of part of a set “fee.” 

4.4 CLAUSE SELECTION FACTOR: CONTRACTOR VS. OWNER 
This section evaluates if there is a statistically significant difference in the 


Specification Desirability (SD) rating between Contractors and Owners for both 
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Lump Sum and Cost Reimbursable projects. ANOVA was used to determine if 
the difference between the means is statistically significant. The three 
assumptions associated with ANOVA (normal distribution, equal variances, and 
random/independent samples) had to be tested for Contractor and Owner data for 
both Lump Sum and Cost Reimbursable projects. 
4.4.1 Lump Sum Projects 

As stated in earlier sections, the samples are random and independent. 
The x° goodness-of-fit test was performed to see if there was a significant 
difference between the sample distributions and normal population distnbution, 
and a two-sample F-test to compare two population variations was completed to 
test the assumption of equal variance. Table 4.19 lists the sample distributions 
and means for SD ratings of Contractors and Owners for Lump Sum projects. 

At first glance, Table 4.19 seems to show a significant difference between 
Contractor and Owner SD ratings for medium and low complexity projects. 


ANOVA was used to determine if these differences are statistically significant. 
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Table 4.19: Specification Desirability Rating for Lump Sum Projects 







| 2.231% | 1.451% | 1451* | OS4I* | 2366" | | 1895" 895* 1.209% ‘1.209% 


* Sample Mean 





As stated above, the x? goodness-of-fit test was used to test the 
assumption of normal population distribution. The test was performed in the 
Same manner as in Section 4.1. A summary of the results of this test is shown in 


Table 4.20. All samples met the assumption of normal population distribution. 
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Table 4.20: Summary of Chi-Square Goodness-of-Fit-Test 







The two-sample F-test to compare two population variations was 
completed to test the assumption of equal variance. This test was performed in 
the same manner as in Section 4.2. H, and H, are stated below: 

H,: the population variances are equal. 
H,: the population variances are not equal. 

A summary of the results of this test is shown in Table 4.21. The F-test 
shows that the variances between Contractor and Owner responses for medium 
complexity projects are not equal. Therefore, ANOVA was not performed for 
medium complexity Lump Sum projects to see if there was a Statistically 


significant difference in the means. 
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Table 4.2]: Summary of Two Sample F-Test for Population Vanation 


te mee [ta [| 







H, and H, for the ANOVA are stated below: 


H,: the means of the SD ratings for Contractors and Owners are 
equal for projects with the same Complexity Rating. 


H,: the means of the SD ratings for Contractors and Owners are 
not equal for projects with the same Complexity Rating. 
The same conditions from Sections 4.1 and 4.2 for rejecting/accepting H, 
and H, apply to this case. Table 4.22 is a summary of the ANOVA for all 


complexities. 


a7 





Table 4.22: Summary of ANOVA for Lump Sum Projects 





For High and Low Complexity Lump Sum projects, there is not a 
statistically significant difference between the means for the SD ratings for 
Contractors and Owners. In other words, Contractors and Owners view P&S 
specification clauses the same as a whole. However, there are some differences in 
how Contractors and Owners view specific clauses, and that is investigated in a 
later section. 

4.4.2 Cost Reimbursable Projects 

Table 4.23 lists the sample distributions and means for the SD ratings of 
Contractors and Owners for Cost Reimbursable projects. As with Table 4.19, 
Table 4.23 seems to show a significant difference between Contractor and Owner 
SD ratings for medium and low complexity projects. ANOVA was used to 


determine if these differences are statistically significant. 
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Table 4.23: Specification Desirability Rating for Cost Reimbursable Projects 


Hah [Meio [tow [High Meo’ [tow 






| 2.347" | 1.440* ] 0.501 | 2.446* | | 1.920" 929* 12048 1.204% 


* Sample Mean 





Tables 4.24 and 4.25 are summaries of the x’ goodness-of-fit test and the 


two-sample F-tests to compare population variations. 


Table 4.24: Summary of Chi-Square Goodness-of-Fit-Test 


Project 2 ee 2 Normal 
Complexity 
a) 


2.274 9.236 
Contractors 1.134 9.236 
W 










1.750 9.236 
10.199 9.236 





0 





Table 4.25: Summary of Two Sample F-Test for Population Vanation 


i 
i 









As seen in Table 4.24, the Owners’ responses for low complexity projects 
do not meet the assumption of normal population distribution; therefore, ANOVA 
was not completed for low complexity projects. Table 4.25 shows that the 
assumption of equal variances is met (1.e. Hy 1s accepted). 

H, and H, for the ANOVA are stated below: 


H,: the means of the SD ratings for Contractors and Owners are 
equal for projects with the same Complexity Rating. 


H,: the means of the SD ratings for Contractors and Owners are 
not equal for projects with the same Complexity Rating. 
The same conditions from Sections 4.1 and 4.2 for rejecting/accepting H, 
and H, apply to this case. Table 4.26 is a summary of the ANOVA for all 


complexities. 
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Table 4.26: Summary of ANOVA for Cost Reimbursable Projects 













For High Complexity Cost Reimbursable projects, there is not a 
significant difference between the means for SD rating for Contractors and 
Owners; however, there is a significant difference for Medium Complexity 
projects. This happens because as the complexity of the notional project becomes 
lower, the cost to benefit ratio of P&S specification clauses gets higher (i.e. cost 
outweighs benefit). Contractors are more likely to want to remove clauses from 
the specification than Owners. 


4.5 CLAUSE CATEGORIES BASED ON DIFFERENCES BETWEEN OWNERS AND 
CONTRACTORS 


Each P&S specification clause is placed into one of nine different 
categories. The categories are based on average Clause Desirability (CD) ratings 
for Contractor respondents and average Clause Desirability (CD) ratings for 
Owner respondents. The average CD rating for each clause was calculated as 


follows: 
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i+ Dr, + LCDr; 
Average CDr; = _HCDr, + MCDr, + LCDr;_ 


B 
where 

Average CDr; = Average Clause Desirability rating for clause 1 

HCDr; = Clause Desirability rating for clause 7 for projects with 
a high complexity rating 

MCDr; = Clause Desirability rating for clause i for projects with 
a medium complexity rating 

ION = Clause Desirability rating for clause i for projects with 


a low complexity rating 
Table 4.27 defines the requirements for each category. None of the 


clauses met the requirements for Category VI. 


Table 4.27: Clause Category Definitions 
Contractor CD rating (CDr) 


Category Owner CD rating (CDr) 
Requirement Requirment 
a rt ee CDr > 2.0 
2.0 > CDr > 1.0 















J 
im 
| om | 20>cpre40 | re20 
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4.5.1 Category I Clauses 

The clauses in Category I (Table 4.28) are clauses that both Owners and 
Contractors favor including in specifications (i.e. the average CDr = 2.0). A 
review of Table 4.28 shows that most Category I clauses for Lump Sum projects 
are also in Category I for Cost Reimbursable projects. This was found to be true 


in most other Categories. 


Table 4.28: Category I Clauses 


Lump Sum Projects | Cost Reimbursable Projects 





Scheduling Responsibility bee Scheduling Responsibility 
1.6 Detailed Network Submission 11.6 Detailed Network Submission 
el Network Analysis Technique pea Network Analysis Technique 

gs CPM Software (or equal) to be Used ~~ 2.2 CPM Software (or equal) to be Used 


2.3.1 Activity Description 2.3.1 Activity Description 
2.3.2. Activity Duration (Time Units) 2.3.2. Activity Duration (Time Units) 
2.3.3. Activity Coding System 2.3.3. Activity Coding System 
_ 2.3.4 Responsibility Codes 
2.3.8 | Work Calendars 2.3.8 | Work Calendars 
2.5.3 Detailed Network 2.5.3. Detailed Network 


Updating Frequenc 





Category I clauses are concerned with the basic requirements needed for a 
good planning and scheduling system. These clauses establish the following: who 


is responsible for the scheduling, submission deadlines, software to be used, 
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network analysis technique, calendars, updating frequency, activity coding 
systems, et cetera. The information contained in Category I clauses 1s essential to 
a well-run project. 

Clause 1.2 establishes whether the Owner’s representative or the 
Contractor is responsible for scheduling. Clauses 1.6 and 3.1 are concerned with 
submission deadlines and updating frequencies. Clauses 2.1 and 2.2 establish the 
network analysis technique to be used and the CPM software to be used. 

The focus of clauses 2.3.1, 2.3.2, 2.3.3, 2.3.4 and 2.3.8 1s communication 
between Owners and Contractors. Both parties need to know how the schedule is 
read and organized. 

4.5.2 Category II Clauses 

The clauses in Category If (Table 4.29) are clauses that Owners favor 
including in specifications, but Contractors are undecided about including these 
clauses in specifications. As seen with Category I clauses, there are few 


differences between Lump Sum projects and Cost Reimbursable projects. 
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Table 4.29: Category II Clauses 


Lump Sum Projects | Cost Reimbursable Projects 


Description, References, Standards Description, References, Standards 
1 Preliminary Network Submission 













Responsibility Codes 












2.3.7. Activity Costs 
2.8 Activity Sorting Requirements 

31 Updating Frequency 

2 Updating Participation 

3.3 Updated Network Approval 

| 3.4 Updating Turnover Time 

3.7.1 | Change Order Representation 

3.7.2. Change Order Summ./Documentation 
Timing of Change Order Incorporation 





Activity Sorting Requirements 














a2 Updating Participation 
os, Updated Network Approval 

3.4 Updating Turnover Time 

3.7.1 Change Order Representation 

3.7.2 Change Order Summ./Documentation 
3.7.3. Timing of Change Order Incorporation 
Required Reports at Each Update 







A review of Category II clauses reveals that many of them require action 
by the Contractor so that the Owner will have a better feel for the status of the 
project. The subject of clauses 3.7.1, 3.7.2, and 3.7.3 1s Change Orders. These 
clauses give specific requirements to the Contractor so that the Owner can track 
how Change Orders are affecting the project. Clause 3.2 could require the 
Contractor to involve subcontractors in update meetings. 

4.5.3 Category III Clauses 

The clauses in Category III (Table 4.30) are clauses that Contractors favor 
including in specifications, but Owners are undecided about including these 
clauses in specifications. A review of Table 4.30 shows that Category II clauses 


are exactly the same for both Lump Sum and Cost Reimbursable projects. 
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Table 4.30: Category HI Clauses 


Lump Sum Projects | Cost Reimbursable Projects 


Maximum Activity Duration Maximum Activity Duration 
ZA Summary Schedule 2.5.1 Summary Schedule 

2.5.2 Preliminary Network 2.5.2 Preliminary Network 
Milestones and Imposed Dates Milestones and Imposed Dates 
Float Management Float Management 




















It is surprising that Clause 2.4.1 1s in this category. This clause is an effort 
to influence the level of detail of the construction schedule. More detailed project 
scheduling requirements are designed to result in better planning and coordination 
than less detailed requirements (Zack 1992). Greater scheduling detail requires 
more effort and time from the Contractor; however, it ultimately benefits both the 
Owner and Contractor. It very well could be expected for this clause to be in 
Category II or Category I because the Owner benefits from it without requiring 
additional effort. 

The other clauses in this Category are of the informational type and are 
viewed as being more important to Contractors than to Owners. 

4.5.4 Category IV Clauses 

The clauses in Category IV (Table 4.31) are clauses that both Owners and 
Contractors are undecided about including in specifications. For most of the 
Clauses in this Category, there is a strong relationship between clause desirability 
and project complexity. For Lump Sum projects, this relationship is proven true 


for clauses 1.3, 1.5, 1.7, 1.10, and 2.4.3 in Section 4.3 (see Table 4.17). Also, for 
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Cost Reimbursable projects, this relationship is proven true for clauses 1.3, 1.7, 


1.10, 2.4.3, 3.5, and 3.8 in Section 4.3 (see Table 4.18). 


Table 4.31: Category IV Clauses 


Lump Sum Projects Cost Reimbursable Projects 


Min. Quals. of P&S Staff Min. Quals. of P&S Staff 

Preliminary Network Submission | 

Review and Approval Process ; Review and Approval Process 

Subcontractor Input |. Subcontractor Input 

Contractor's Scheduling Plan 

Project Level Resources ad, Project Level Resources 

Min. No. Acts. in Completed Network 4, Min. No. Acts. in Completed Network 

Min. No. Acts. in Prelim. Network 4. Min. No. of Acts in Prelim. Network 

Project Breakdown Structure Project Breakdown Structure 

Updating Records and Reporting Updating Records and Reporting 
ports at Each Update 





The desirability of these clauses is strongly affected by project 
complexity. This means for highly complex projects they are seen as beneficial, 
but for projects of a low complexity, the cost 1s perceived to outweigh the benefit. 
Take clause |.3 for instance, having a highly trained planning and scheduling staff 
for a small project of low complexity and priority is an instance where cost 
outweighs benefit. However, a highly trained planning and scheduling staff for a 
large, extremely complex project is an instance where the benefit definitely 


exceeds the cost. 
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4.5.5 Category V Clauses 

The clauses in Category V (Table 4.32) are clauses that Owners favor 
including in specifications; however, Contractors do not favor including these 
clauses in specifications. This Category represents the clauses with the largest 
difference in average CD ratings between Owners and Contractors. In other 


words, Owner like these clauses but Contractors do not. 


Table 4.32: Category V Clauses 


Lump Sum Projects Cost Reimbursable Projects 


Activity Level Resources 2.3.5 Activity Level Resources 


Activity Costs 
Drafting Requirements ecco Drafting Requirements 
Rard. Reps Init. Submtl. Compl. Ntwk | 2.10 | Reqd Reps Init. Submitl. Compl. Ntwk 





Contractors probably do not like these clauses because they require the 
Contractor to place a lot of detail in the network logic diagram, and considerable 
time must be spent in keeping the requirements specified by these clauses 
updated. This substantially increases Contractor overhead costs. 

Note that clause 2.3.7 1s in Category V for Lump Sum projects, but it is in 
Category Il for Cost Reimbursable projects. This is because in Cost 
Reimbursable projects, the Contractor has a more vested interest in keeping track 


of Activity Costs and reporting them to the Owner. 
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4.5.6 Category VI Clauses 

The clauses in Category VI are clauses that Owners do not favor including 
in specifications; however, Contractors favor including these clauses in 
specifications. No clauses fell into this Category for either Lump Sum or Cost 
Reimbursable projects. This is because clauses that Owners see no value in are 
more than likely going to be viewed the same way by Contractors. It is surpnsing 
that clause “/.9 Progress Payments for Planning/Scheduling and Monitoring” did 
not fall into this Category. Clause 1.9, however, is in Category VIII, which is 
closely related to Category VI. 
4.5.7 Category VII Clauses 

The clauses in Category VII (Table 4.33) are clauses that Owners are 
undecided about including in specifications, but Contractors do not favor 
including these clauses in specifications. These clauses represent a moderately 
large difference in average CD ratings between Owners and Contractors. 


Category VII clauses are similar to Category V clauses. 
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Table 4.33: Category VI Clauses 


Lump Sum Projects | Cost Reimbursable Projects 


Trng Rqrmt for Ctr, Subctr, Owner 


Trng Rqrmt for Ctr, Subctr, Owner 
Contractor's Scheduling Plan 
Plan/Sched and Monitoring Audits 
Computer Access and Security 
Maximum Activity Costs 

Resource Aggregation 

Resource Leveling 

Resource Allocation Optimization 


Plan/Sched and Monitoring Audits 
Computer Access and Security 
Maximum Activity Costs 
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It is easy to see why all of the clauses in Table 4.33 fall into Category VII. 
All of the clauses in this Category require the Contractor to complete actions that 
are likely to increase overhead. 
4.5.8 Category VIII Clauses 

The clauses in Category VIII (Table 4.34) are clauses in which Owners do 
not favor including them in specifications; however, Contractors are undecided 


about including these clauses in specifications. 


Table 4.34: Category VIII Clauses 


Lump Sum Projects Cost Reimbursable Projects 


1.8 Cost of P/S and Monitoring 
i Progress Paymts for P/S & Monitoring | 1.9 Progress Paymts for P/S & Monitoring 
1.13 Confidentiality/Schedule Ownership = {_:1.13 Confidentiality/Schedule Ownership 






It is easy to see why clauses 1.8 and 1.9 are included in this Category. It is 


foreseeable that these two clauses could be in Category VI. Clause 1.13 is most 
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likely in this Category because of Schedule Ownership. It states that one party 
(i.e. Owner, Contractor, Consultant) shall exclusively own the schedule. Owners 
do not like this clause because they do not want the responsibility that comes with 
“owning” the schedule, but on the other hand, they do not want the Contractor to 
have “exclusive ownership” of the schedule either. 
4.5.9 Category IX Clauses 

The clauses in Category IX (Table 4.35) are clauses that neither Owners 
nor Contractors favor including in specifications. Note that no clauses fell into 


this Category for Cost Reimbursable Projects. 


Table 4.35: Category [X Clauses 


Lump Sum Projects | Cost Reimbursable Projects 


Cost of P/S and Monitoring | None 


Resource Aggregation 
Resource Leveling 
Resource Allocation Optimization 
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It is surprising that clause 1.8 falls into this Category instead of Category 
VI or VIII. There are a number of reasons why the Resource Aggregation, 
Leveling, and Allocation Optimization clauses are in this Category. Any of the 
following may be why they are in this Category: 
e Too complicated to implement and enforce 


e A maximum of two or three resources can only be optimized at 
one time 


e There is no “perceived shortage” resources that would make 
these clauses more beneficial 


e ft reduces the flexibility of the schedule 
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Chapter 5: Conclusions and Recommendations 


This chapter presents conclusions and recommendations based on the 


research and analysis conducted in the previous chapters. 


5.1 CONCLUSIONS 


The conclusions drawn from this research are summarized in the following 


Statements: 


Project Complexity is related to the number of Planning and 
Scheduling Specification Clauses desired by both Owners and 
Contractors in construction contracts for both Lump Sum and 
Cost Reimbursable Projects. 


The number of Planning and Scheduling Specification Clauses 
desired by both Owners and Contractors is not related to 
Contract Remuneration Type. 


The Desirability Rating of numerous Planning and Scheduling 
Clauses is strongly related to Project Complexity. 


Owners and Contractors view many Planning and Scheduling 
Clauses the same and many Clauses differently based on the 
content of the Clause, Project Complexity, and Contract 
Remuneration Type. 


5.2 RECOMMENDATIONS 


Many experts in the field of Planning and Scheduling have stated that for 


P&S specifications to be effective, they need to meet the objectives of both 


Owners and Contractors. Many P&S specification clauses that meet the 


objectives of one party, do not meet the objectives of the other party. This is why 
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some clauses that are desired by Owners are not desired by Contractors and vice 
versa. 

Another key factor in a P&S specification system that works well is to 
specify the appropriate level and amount of P&S specifications for the project to 
be constructed. The Owner has to determine the benefit to cost ratio for each 
clause, and he/she must also consider the benefit to cost ratio for the Contractor. 
If the Contractor realizes an excellent benefit to cost ratio for the P&S 
specification system, then the system will be a much more effective tool for 
tracking the status and controlling the project. 

Even though projects should always be considered on an individual basis, 
Table 5.1 was developed to assist in selecting P&S specification clauses. It 
should be used as a guide only. The matrix should be read as follows: 


e Y: include the clause in the contract specifications for 
corresponding complexity level and remuneration type. 


e U: the clause should be considered for inclusion into the 
specification for corresponding complexity level and 
remuneration type. 


e N-: the clause probably should not be considered for inclusion 


into the specification for corresponding complexity level and 
remuneration type. 
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Table 5.1: P&S Specification Clause Selection Matrix 
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Appendix A 


Sample Planning and Scheduling Guide Specifications 
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Editing Notes: 


This section will describe how the typical editing symbols describe the editing decisions 
that are used. This will facilitate the communication of the proposed specification drafter to the 
editor who will actually be modifying the specification for a particular project. The key to editing 
the guide specification is to fully understand the intent of the choices and decisions that are 
presented. The following explanation should be carefully reviewed before beginning to edit the 
specification: 


[ option x ] will indicate an optional word, number, sentence or paragraph. This symbol indicates 
that the choice of only one option of many is required. For convenience the brackets will simply 
enclose the options in most cases when there are one number or word choices. If the options do 
not suit the editor, there is usually a wide degree of flexibility to include another option of the 
editor’s choosing. The use of the option decision is illustrated in the following example: 


The contractor shall provide a minimum of [10] [20] [40] [80] [ ] hours of classroom 
instruction to teach a maximum of [5] [10] [ ] owner representatives about the 
contractor’s network development techniques and the selected computer software 
application. 


The editor must choose only one of the bracketed numbers or insert another of their own in lieu of 
the empty brackets. 


> selection x < will indicate a sentence, paragraph or section that can be optionally included as a 
choice of one or more selections. - It will be a stand alone sentence, paragraph or section so the 
editor's choice will only involve the selection or omission of the words indicated. This editing 
decision differs from the option described above in that the editor may choose as many of the 
selections that may apply to the desired specification. Remember that all specification paragraphs 
should be renumbered in sequence after final editing. The use of the selection decision is 
illustrated in the following example: 


The computerized analysis shall be performed with the capabilities of the following sorts 

with the priorities indicated: 

> selection] < Activity listing by number sequence. 

<selection2 < Activity sort by total float - early start date 

<selection3< Activity sort by trade -early start date - total float. 

> selection 4< Contractor’s monthly payment request sorted by [responsibility 
code] [PBS code} [CSI code} 


In this case the editor may choose any or all of the selections indicated. Selection 1, 2 and 4 may 
be selected without worrying that the missing selection 3 will impact the specification. 


{ alternative x } will indicate an alternative word, sentence, paragraph or entire section - This 
symbol will be used to tell the specification editor there is a choice of whether or not to include the 
item indicated. The alternative may or may not be included without affecting the rest of the 
specification. The use of the alternative decision is illustrated in the following example which 
includes each of the editing decisions that have been discussed above: 
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> selection 5 < [ 2} [ 3} [5 ] copies of the cost report sorted by the responsibility code 
which shall serve as a monthly request for progress payment. 

{alternative 1} This report, along with the progress update meeting described above 
shall provide the basis for the contractor’s progress payment request and the 
contractor shall be entitled to progress payments determined from the approved 
update. If the contractor fails or refuses to furnish the information and network 
data which, in the sole judgment of the Owner, is necessary for verifying the 
Contractor’s progress, the contractor shall be deemed not to have provided a 
progress payment estimate and therefore no progress payments will be made. 
{alternative 2} If the schedule updates occur more frequently than one month apart, 
only one request for payment per month will be permitted. 


The editor must only decide if the specification would be enhanced with the alternatives presented. 
If they are considered inappropriate to the project, then they may be deleted. Otherwise one or 
both of the alternatives may be included. 


*(A note to the editor)* will be used to indicate a note to the editor, which is not intended to 
become part of the final specification. This symbol will be used to provide general comments or 
explanations to help the editor understand a particular specification section. The entire comment 
should be deleted before completing the editing process. 


The specification editor has been provided space to include his own options, selections 
and alternatives where appropriate and is strongly encouraged to develop these areas to suit the 
type of project for which the guide specification is to be used. 


To see how the overall editing process would work for each of the editing decisions the following 

step by step procedure is provided: 

Remove unwanted text using the editing decisions described above. 

Delete the editing decision labels ( e.g.: [ option ], > selection < or {alternative }) 

3. Insure that the text is properly left justified and the line spacing is sequential after 
deleting text or labels. 

4. Renumber specification paragraphs 

5. Change text to desired fonts and pitch sizes 

6. Insure text is properly adjusted to fit the required document format e.g.: page width, 

margin size, etc 


no — 


Your project specification is now ready for incorporation into the bidding documents. 


The specification will be presented with the assumption that the editor is reviewing the 
guide specification required for a project of typical length, cost and complexity for which a 
substantial degree of control is desired. These factors must be considered when editing the 
specifications for greater or lesser projects. The proposed specification as written covers the 
typical project factors and should be scaled up or down for the appropriate application. The editor 
is strongly encouraged to become familiar with the abilities of the contractors most likely to bid 
the project before the specification 1s incorporated into the final contract documents. 


Dr. Calin Popescu 
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SECTION | GENERAL ORGANIZATION AND RESPONSIBILITIES 
1.1 DESCRIPTION, REFERENCES, STANDARDS 


1.1.1 DESCRIPTION: The scope of this specification is to require the use of Critical Path 
Method Scheduling to assure adequate planning and control during the execution of all work 
required by this contract. The Schedule is to be used for assuring that all work will be completed 
by the contract completion date. This specification covers all scheduling, creation of the network, 
production of reports, execution of the scheduling plan and regular joint review and updating of 
the schedule. The scope of the scheduling effort shall include *(Pick applicable description or 
insert your own. The words between the > < indicate the selections 1-18)* > design scope 
definition <, > detailed design <, > design reviews <, > design approval <, > contractor selection 
<, > land acquisition <, > permitting <, > major material and equipment procurement <, > shop 
drawing and submittal approval <, > major material and equipment fabrication and delivery <, > 
site mobilization <, >field erection / installation <, > testing <, > on site inspections <, > off site 
inspections <, > acceptance <, > commissioning <, > final start-up <, > final acceptance < and all 
related activities.< 

> selection 19 < The Schedule updating process shall also be used as a basis of estimating and 
approving progress payments. 


1.1.2. REFERENCES For additional material that should be helpful to understand the details of 
CPM scheduling and this specification the following references are recommended: 

> selection 1 < "CPM in Construction Management " Third Edition, James J. OBrien McGraw- 
Hill Book Company, New York, NY, 1984 


> selection 2 < "Project Management with CPM and PERT” Second Edition, Joseph J. Moder, 
Cecil R. Philips, Van Nostrand Reinhold Company, 1970 

> selection 3 < "Critical Path Methods in Construction Practice" Third Edition, Wiley, 1982 > 
selection 4 ~ "A Management Guide to PERT / CPM" Second Edition, Jerome J. West; Ferdinand 
K. Levy, Prentice Hall Inc. 1977 

> selection 5 < "Construction Project Scheduling" First Edition, Michael T. Callahan, et all, 
McGraw Hill, 1992 

> selection 6 < "Regulation ER 1-1-11, Network Analysis", Department of the Army — Corps of 
Engineers, Publications Department, Alexandria, VA 22304. 

>selection < owe. 


1.1.3 © STANDARDS The following standards shall be considered to be incorporated into this 
specification by reference: 

> selection 1 < "Project Planning, Scheduling and Control Glossary of Terms", C & C 
Consultants Inc., November 1991 

> selection 2 < "Project Planning, Scheduling and Control Encyclopedia of Terms", C & C 
Consultants Inc., 1992 

>selection < 


1.2 SCHEDULING RESPONSIBILITY 
[option 1] The scheduling of construction is the sole responsibility of the [ Contractor ] [ Owner's 
Project Manager ] and the Contractor's management personnel shall actively participate in the 
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development of the network logic diagram so that the intended sequences and procedures are 
clearly understood throughout the [ Contractor's ] [ Project Manager's ] scheduling organization. 


[option 2] The use of a consultant with the specific qualifications required elsewhere in this 
specification is allowable however the [ Contractor ] [ Owner’s Project Manager ] shall retain full 
responsibility for all project scheduling. The Contractors management personnel shall actively 
participate in the development of the network logic diagram so that the intended sequences and 
procedures are clearly understood and recorded by the consultant. 


1.3 MINIMUM QUALIFICATIONS FOR PLANNING AND SCHEDULING STAFF 

> selection 1 < All personnel in the scheduling organization must possess adequate scheduling 
knowledge related to CPM and the project as well as a detailed knowledge of the “specified] 
[proposed] CPM implementation software. 

< selection 2 < All key personnel in the scheduling organization must possess the ability to 
communicate effectively with others in the field of CPM planning, scheduling and contro] that are 
familiar with modern data processing and scheduling techniques and terminology. 

> selection 3 < All key personnel in the scheduling organization must possess [an undergraduate 
engineering degree from an accredited university], [ a masters/PhD graduate degree in 
construction management], [ have [30] [60] [80] [120] [160] [ ] course hours of continuing 
education in project planning and scheduling], and [have [3] [5] [10] [ ] years of on the job 
experience in scheduling of projects similar in nature to the subject contract. 

> selection 4 < There must be an adequate number of scheduling [personnel] [engineers] to handle 
the responsibilities designated by the Contractor’s Scheduling Plan. There must be adequate staff 
personnel to support the data and information handling required by the Contractor’s Scheduling 
Plan for the project. 

PASEIECONOM 05.282 .20550.05-scce secede 


{alternative 1} When the Contractor's scheduling personnel do not meet the minimum 
qualifications, CPM training as described in section 1.4 may be substituted. *( this option adds a 
slightly different twist to the training requirements described below and should be used 
appropriately )* 
{alternative } 


1.4 CPM TRAINING REQUIREMENTS 

> selection 1 < The Contractor shall provide a minimum of [10] [20] [40] [80] [ ] hours of 
classroom instruction to teach [a maximum of [5] [ 10] [ ] owner representatives about the 
contractor's network development techniques and the selected computer software application. < 

> selection 2 < The Contractor shall provide [continuous] [a minimum of [20] [40] [80] [ }] hours] 
education in CPM planning and scheduling methods for [a minimum of [5] [10] [ ] ] contractor 
personnel [during the course of completion] or [before submitting a network diagram for approval. 
] The Contractor shall submit a training plan consisting of specific instructors with associated 
qualifications, a course outline and a schedule, which describes the basic course content. The 
personnel that will participate in the training must be identified in the plan. 

> selection 3 < The Contractor shall provide [continuous] [a minimum of [20] [40] [80] [ ] hours] 
education in CPM planning and scheduling methods for [a minimum of [5] [10] [ ] ] subcontractor 
personnel [during the course of completion] or [before submitting a network diagram for approval. 
] The Contractor shall submit a training plan consisting of specific instructors with associated 
qualifications, a course outline and a schedule, which describes the basic course content. The 
personnel that will participate in the training must be identified in the plan. < 
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> selection “<<... 


1.5 PRELIMINARY NETWORK SUBMISSION DEADLINE 

Within [20] [30] [ ] days after the notice of contract award the Contractor shall submit for the 
[Owner's] [Owner's Representative] approval, [ 3] [ ] copies of the proposed preliminary network 
defining the contractor's planned operation during the first [45] [60] [90] [ ] days of the 
contractor's work effort. 

{alternative 1} The Contractor will not be allowed access to the construction site until the 
preliminary network 1s approved. 

{alternative 2} No progress payments will be made until the preliminary network is approved. 
{alternative 3} Progress payments will be allowed based on the approved preliminary network 
[until the detailed network is approved] [ for a maximum of [60] [90] [ ] days after the preliminary 
network is approved. 

{alternative } 


1.6 DETAILED NETWORK SUBMISSION DEADLINE 

Within [45] [60] [90] [ ] days after the notice of contract award the Contractor shall submit for the 
[Owner's] [Owner's Representative] approval, [2] [3] [ ] copies of the complete network diagram 
and computerized analysis {using the [selected] [proposed] CPM software}. 


1.7 REVIEW AND APPROVAL PROCESS 

Within [5] [10] [15] [ ] working days after receipt of the preliminary and/or complete network 
diagram(s), the Owner's representative will meet with the Contractor for a joint conference type 
review of the proposed plan and schedule. Within [5] [10] [ ] working days after the joint review, 
revise the network diagram in accordance with the agreements reached during the joint review 
meeting and submit [2] [3] [| ] copies of the revised network diagram. The resubmission will be 
reviewed by the Owner's representative and, if found to be adequate, it will be approved in 
writing; an approved copy of each network submission will be returned to the Contractor. The 
network diagram; as approved by the Owner's representative, shall constitute the project schedule 
until subsequently revised in accordance with the requirements of this specification. 


1.8 COST OF PLANNING / SCHEDULING AND MONITORING 

[option 1} *( be sure to coordinate this section with the one following to insure no confusion is 
created in this area )* The Contractor is expected to include a minimum of [$ ] as a line item in his 
estimated bid price for planning and scheduling on this project. *(Based on the owners estimate of 
the CPM development and implementation costs for the project. )* 

[option 2 | The Owner will be directly responsible for the cost of planning, scheduling and 
monitoring. 

[option 3 } The Owner has allocated [$ ] in the project budget as a separate account for the project 
planning, scheduling and control required. 


1.9 PROGRESS PAYMENTS FOR PLANNING / SCHEDULING AND MONITORING 

[option 1] The Contractor's own cost estimate for planning and scheduling shall not be less than 
the amount indicated in section 1.8 and must be included as line item on each of the Contractor's 
request for progress payments. The cost of planning and scheduling shall be proportionately 
divided for the project duration. These portions shall include the preliminary network stage, the 
completed network development and approval and the updating through the entire course of the 
project. 
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[option 2 ] The Contractor will be paid for costs pertaining to planning, scheduling and 
monitoring on a cost reimbursable basis at the regularly scheduled invoice periods indicated for 
construction progress payments. An early completion incentive fee will be paid based on a rate of 
[2% ] [5% ]{ 10% ][ ] of the Contractor's direct planning, scheduling and monitoring cost per [ 
day | [ week ] | month ] that the project is completed before the official completion date. 


1. 1|OSUBCONTRACTOR INPUT 

{option 1 } The following Subcontractors must have primary input into the development of the 
project schedule and shall have a scheduling representative present at each review, approval or 
updating meetings in which their subcontracted work could be involved: Earthwork / heavy 
equipment operators<, >underground utilities<, >paving<, >landscaping<, >concrete<, >masonry 
<, >iron work<, >structural steel <, >carpentry<, >moisture protection<, >roofing<, >doors and 
windows<, >glazing<,>building  finishes<, >painting<, >flooring<, >specialty items<, 
>plumbing<,>HVAC<, >mechanical<,>electrical< *(or include your own)* 

[option 2 } All major Subcontractors must provide and maintain their own schedules as sub 
networks of the overall project schedule represented by the complete network diagram. Major 
Subcontractors shall include the following: >earthwork / heavy equipment operators<, 
>underground utilities<, >paving<, >landscaping<, >concrete<, >masonry <, >iron work<, 
>structural steel <, >carpentry<, >moisture protection<, >roofing<, >doors and windows<, 
>glazing<,>building finishes<, >painting<, >flooring<, >specialty items<, >plumbing<, 
>HVAC<, >mechanical<, >electrical< *(or include your own)* 

{alternative 1} The following Subcontractors must have a scheduling representative present at 
[all] [applicable] review, approval and update meetings: > earthwork / heavy equipment operators 
<, > underground utilities <, > paving <, > landscaping <, > concrete <, >masonry <, > iron work 
<, > structural steel <, > carpentry<, > moisture protection<, > roofing <, > doors and windows <, 
> glazing <,>building finishes <, > painting <, > flooring<, > specialty items <, > plumbing <, > 
HVAC<, > mechanical <, > electrical < *( or include your own )*. 

{alternative 2} Major Subcontractors must provide and maintain sub networks of all activities 
included within their subcontract scope to be included as part of the detailed network. 

{alternative } 


1.1 1CONTRACTOR’S SCHEDULING PLAN 

Within [10] [20] [ ] days after the Contractor has received notice of contract award, a plan must 
be submitted which describes the processes and procedures that the contractor’s organization will 
follow in developing and implementing a planning and scheduling operation for this project. The 
plan shall describe in detail: 

> selection 1 < The contractor's corporate policies pertaining to planning and scheduling including 
the incorporation of specific standards to be used by all personnel throughout the course of the 
project. 

> selection 2 < A method of representing the contractor’s scheduling organization which 
demonstrates differing levels of responsibility and paths of communication between personnel. 

> selection 3 < A formalized procedure for recording updating and logic changes for later review 
or audit. 

> selection 4 < An organized method of transferring information to various information users with 
varying needs including an information and document transfer and storage plan. 

> selection 5 < A method to insure that all the required reports can be generated and distributed 
within [24] [48] [72] [ ] hours after each update. 

> selection 6 < A detailed list of key personnel described by their job function that will attend the 
review, updating and approval meetings. 
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> selection 7 < A method for verifying and validating input into the network analysis. 
>selection <............. 


1. 12PLANNING/SCHEDULING AND MONITORING AUDITS 

[Every quarter] [Every six months] [{senior} Contractor {executives} and Owner personnel shall 
perform an audit of the planning and scheduling operation. The audit shall evaluate the 
performance in the following areas: 

> selection 1 < The network logic is correct and results from the various contracting organizations 
participating in the project. 

> selection 2 < The duration, resources and cost for each activity are the result of the best 
available information during the network development / updating. 

> selection 3 < The logic diagram (network) is well organized and updated to facilitate 
information retrieval and is used for short interval planning, reviews and updates. 

> Selection 4 < The effectiveness of the contractor's scheduling plan as it relates to the regular 
updates. 

> selection 5 < The executive or senior Project management role in the Planning and scheduling 
Operation. 

>selection <................ 


1.13CONFIDENTIALITY / SCHEDULE OWNERSHIP 

> selection 1 < The [ Owner ] [ Contractor ] [ Project Manager ] [ Consultant ] agrees to keep 
secret the contents of the network diagram and all the associated data from any public or private 
access not expressly allowed by the Owner. 

> selection 2 < The [ Owner ] [ Contractor ] [ Consultant ] shall maintain exclusive ownership 
rights of the network diagram and all the associated data. Unauthorized distribution of this 
information will be prosecuted to the full extent of the law. 

PSCICCHION << ...sci0e.c00.0e as: 


1. 14COMPUTER ACCESS AND SECURITY 

{alternative 1} The [Contractor] [Consultants] shall be required to maintain a computer system 
which restricts access to [ input J [ both input and output data J only to authorized personnel using 
a coded secret password system. 

{alternative 2} The contents of the CPM network and database do not require specific security 
requirements other than normal precautions within the [Contractor] [Consultant] organization. 
{alternative } .................. 


SECTION 2 SCOPE AND PRODUCTS 


2.1 NETWORK ANALYSIS TECHNIQUE 

The contractor shall use the [Arrow Diagramming Method] [Precedence Diagramming Method] 
[PERT] in the development of the schedule network. The network diagram shall show the order 
and interdependence of all activities and the method by which the work is to be accomplished. 


2.2 CPM COMPUTER SOFTWARE TO BE USED 

The Contractor shall use the latest version of ["insert preferred software here"], which shall be 
capable of operating in a [IBM PC-DOS Version [3.0] ] or greater environment. All required 
network analysis submissions and updates shall be submitted on [3 1/2] [5 1/4] inch, high density 
diskettes. The disk submittal requirement shall be in addition to any and all hard copy submittals 
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required. Should the Contractor propose to use software other than ["insert preferred software 
here”] with equivalent capabilities, prior approval by the [owner] [owner's representative] shall be 
required. [1] {A [ ] complete sets of the program software for the proposed system shall be 
delivered by the Contractor to the [Owner] [Owner's representative} within [10] [15] [ ] calendar 
days following approval by the [owner] [owner's representative]. The Contractor shall also provide 
two complete sets of user documentation with the program software. Submittal requirements for 
software shall be as specified above for ["insert preferred software here"]. 

{alternative 1} The diskettes must be ‘write protected’ to insure there will not be an accidental 
overwrite. 

[option 1] The program diskettes and user documentation shall become the property of the 
[owner] [owner’s representative] and the [owner] [owner’s representative} will be granted all rights 
customarily afforded to a software licensee by the software company. 

[option 2] The program diskettes and user documentation will be returned to the [Contractor] 
[Consultant] at the completion of the contract. 

REION: J sce visaedeccsueoated ss 


2.3 ACTIVITY RELATED INFORMATION 
The network diagram and tabulated mathematical analysis shall include the 


following information as a minimum for each activity: 

ol 

> selection 1 < ACTIVITY DESCRIPTION: A description of the activity not less than [25] [40] 
[50] [ ] characters. 

oD 

> selection 2 < ACTIVITY DURATION (TIME UNITS): Estimated duration of activities by 
[work days] [weeks] [months] [hours] [shifts] [  ]. 

23.3 

> selection 3 < ACTIVITY CODING SYSTEM: Organized system of coding activities [Project 
Breakdown Structure] [CSI specification divisions] [owner provided codes] [_]. 

2.3.4 

> selection 4 < RESPONSIBILITY CODE: Trade or responsibility code including prime 
contractor, subcontractors, suppliers, owner, governmental, or other party responsible for the 
accomplishment of an activity. 

P35 

> Selection 5 < ACTIVITY RESOURCES: Resources required at the activity level >materials<, 
>labor<, and >equipment< which are grouped by project phases or the area in which the work will 
be performed. 

{alternative 1} The following resources must be included: >concrete in cubic yards<, >rebar in 
tons<, >lumber in board feet<, >pipe in lineal feet<, >sheathing in square feet<, >piles in lineal 
feet<, >overhead cranes in work days<, >labor by trades in [work hours] [man days]<, *(include 
resources specific to the important construction aspects of the project)* > < 

23.0 

> selection 6 < PROJECT OR MULTIPROJECT LEVEL RESOURCES: Resources required at 
the project level (bulk materials, trade labor and common equipment used by several activities 
grouped by project phases or area in which the work will be performed. 

5.) 

> selection 7 < ACTIVITY COSTS: Monetary value of activity to be used for cost control and 
progress payments broken down into categories for material, labor and equipment. 

JS Mre 
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> selection 8 < WORK CALENDAR: Activity calendar, if other than the normal work week 
which is defined as [Monday - Friday } [ Monday - Saturday ] [ ] from [ 0730-1600] [0600-1700] 
[ ]. 

{alternative 1} The following holidays will be observed: >New Years Day<, >President’s Day<, 
>Martin Luther King Jr's Birthday<, >Memorial Day<, >Independence Day (July 4)<, >Labor 
Day<, >Veterans Day<, >Thanksgiving <, >Christmas<, > < 

{alternative 2} The following nonworking days or periods will be considered for scheduling:[ 


II ] 


faltermative  } .c...ccsssiiaweens. 


2.4 REQUIRED LEVEL OF NETWORK DETAIL 

2.4.1 

> selection 1 < MAXIMUM ACTIVITY DURATION: The network diagram shall consist of 
activities limited to [no more than [15] [30] [ ] [ work days ] [ work weeks | [ months ] [ ] 
duration}. 

2.4.2 

> selection 2 < MAXIMUM ACTIVITY COST: The network diagram shall consist of activities 
limited to [no more than [$5000] [$10,000] [$50,000] [$100,000] [S$ } direct cost}. 

2.4.3 

> selection 3 < MINIMUM NUMBER OF ACTIVITIES IN THE TOTAL NETWORK: The 
detail network diagram shall consist of a minimum of [500] [1000] [ ] activities. Dummies and 
interdependencies shall not be included in the count to determine the number of activities. 

2.4.4 

> selection 4 < MINIMUM NUMBER OF ACTIVITIES IN THE PRELIMINARY NETWORK: 
The preliminary network diagram shall consist of a minimum of [100] [200] [500 ] [ ] activities. 
Dummies and interdependencies shall not be included in the count to determine the number of 
activities. 


*(Note that the decision on how many activities that are required for a particular network to show 
adequate detail for a project varies greatly. It depends on the project complexity, duration, cost and 
degree of control desired by the owner. Although the guide specification allows the editor to 
combine the different level of detail specifications, be careful not to make the requirements too 
complicated. Using all three selections is not advisable. Too much detail could render the schedule 
useless because it is too cumbersome to manage at the project level.)* 


2.5 NETWORK DIAGRAM SCOPE 

2.5.1 SUMMARY SCHEDULE: After the notice of contract award the contractor shall provide a 
summary schedule, which shows the contractor's general approach to the work. This schedule 
should be of the same level of planning detail that was used to develop the contractor's bid price 
on this project. The summary schedule shall serve as a basis for developing a complete network of 
more detail that uses the summary activities as hammock activities. This schedule is for 
information only and as such it 1s not subject to the approval conditions specified elsewhere in this 
specification. 


2.5.2 PRELIMINARY NETWORK: The proposed preliminary network shall define all of the 
contractor's planned operations during the first [45] [60] [90] [ ] days of the project execution. 
The preliminary network diagram shall show the sequence and interdependence of all activities 
that are expected to begin within the specified time frame. The preliminary network should be 
developed to serve as a basis for the initial stages of the project. 
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{alternative 1} The contractor will not be allowed access to the construction site until the 
preliminary network is approved. 

{alternative 2} The cost of the activities expected to be completed before submission and 
approval of the detailed schedule may be included for progress payment purposes. Payment 
requests based on the approved preliminary network will not be processed after the required 
deadline for a complete network has expired. 

{alternative }................. 


2.5.3 DETAILED NETWORK: The complete network diagram shall show the sequence and 
interdependence of activities for complete performance of the work specified in this contract. 
Show the order and interdependence of activities and the sequence in which the work is to be 
accomplished as planned. The basic concept of a network analysis diagram will be followed to 
show how the start of a given activity is dependent on the completion of preceding activities and 
how its completion restricts or restrains the start of following activities. 

{alternative 1} *(include this sentence if section 1.1.1 needs further clarification or was not 
included in it's entirety)* In addition to construction activities, detailed network activities shall 
include >design scope definition<, >detailed design<, >design reviews<, >design approval<, 
>contractor selection<, >land acquisition<, >permitting<, >the submittal and approval of 
materials, samples, and shop drawings<, >the procurement of critical materials and equipment<, 
>receipt of materials [with estimated procurement costs of major items for which payment of 
materials will be requested in advance of installation}<, >fabrication of special material and 
equipment, and their installation and testing<, >site mobilization<, >field erection installation<, 
>testing<, >off site testing<, >on site inspections<, >off site inspections<, >acceptance<, 
>commissioning<, >final start-up<, >final acceptance< and all related activities. 

{alternative 2} Show activities of the [owner] [ ] that affect progress and contract 
required dates for completion of all or parts of the work. 

{alternative 3} Show activities indicating [owner furnished materials and equipment] utilizing 
delivery dates provided elsewhere in the contract. 

{alternative 4} An activity description may not completely describe the required work in detail 
yet this does not relieve the contractor from performing all the work specified by the contract. 
{alternative 5} Once the completed network has been approved it shall take precedence over the 
preliminary network. 

{altermative }.................. 


2.6 PROJECT BREAKDOWN STRUCTURE (PBS) 

The Contractor shall use the Owner provided project breakdown structure to serve as guideline to 
develop the activity coding system and a cost accounting system. *(The Owner must develop a 
detailed Project Breakdown Structure in the early stages of the project and the latest revised 
version should be included here as part of the specification or include the following alternative if 
the owner is not familiar with the development procedure for a PBS - ...)* 

{alternative 1} The [Contractor} [Consultant} shall develop the Project Breakdown Structure 
which will serve as a guideline for cost accounting and schedule development after approved by 
the owner. 

{alternative} .................... 


2.7 MILESTONE AND IMPOSED DATES 
The schedule shall contain and adhere to the following milestone and imposed dates: 
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MILESTONE MILESTONE ACTIVITY DESCRIPTION MILESTONE 
CODE IMPOSED DATE 


*( The Owner must provide the desired milestones and imposed dates )* 









2.8 ACTIVITY SORTING REQUIREMENTS 

The computerized analysis shall be performed and reports produced with the sorting code priority 
indicated from left to right: 

> selection 1 < Activity listing in ascending order of [event code] [activity code] 

> selection 2 < Activity sort by total float - [ early start date ] - [ ] 

> selection 3 < Activity sort by trade - [early start date] - [float] 

> selection 4 < Activity sort by [event code] [activity code] [owner provided code] [responsibility 
code] [PBS code] [CSI code] [ ] - [early start date] [ ] 

> selection 5 < Contractors monthly payment request sorted by [owner provided code] 
[responsibility code |] [PBS code] [CSI code] [ ] 

{alternative 1} The sorting requirements shal] have the following priority: [early start], [total 
float], [activity code], [event code], [responsibility code], [*(Remember most CPM software 
packages have a limited number of priorities that can be included.)*] 

HANCEENALIVE } icc. ccesd seers eceee cee 


2.9 NETWORK DIAGRAM DRAFTING REQUIREMENTS 

> selection 1 < All submitted network diagrams shall be [printed] [drafted] on standard [24] [30] 
inches ([600] [750] mm) high by [36] [42] inches ({1000] [1250] mm) wide. 

>selection 2 < The diagram shall read from left to right . 

> selection 3< All activities will be identified with applicable sorting codes. 

> selection 4 < The scale and spacing of the activities shall allow space for notations, revisions 
and addition of new activities. 

> selection 5 < Each page shall include a specific block in the [upper] [lower] right hand corner 
which indicates the current update revision number. 

> selection 6 < [2] [3] [ ] copies of the network diagram shall be submitted. [1] [2] of those 
copies shall be reproducible. 

PESCARCUION- <, ..; 02.0 sesseaaeae: 


2.1OREQUIRED REPORTS FOR INITIAL SUBMISSION 

> selection 1 < [2] [3] [5] [ ] copies of the network diagram showing all the required activity 
information in an organized drawing. 

> selection 2 < [2] [3] [5] [ ] copies of the file printout of all existing activity information from 
the network database sorted in order of [ascending event code] [ascending activity code] 

> selection 3 < [2] [3] [5] [ ] copies of a list of activities sorted in order of least total float and 
early start date based on a projected start date. 

> selection 4 < [2] [3] [5] [ ] copies of a list of activities sorted in order of early start for the entire 
project based on a projected start date. 


> selection 5 < [2] [3] [5] [ ] copies of a list of all activities sorted by 
[responsibility] [CSI] [PBS] code and early start. 


> selection 6 < [2] [3] [5] [ ] copies of a dependency report showing the predecessor event 
followed by the successor event for all possible end restraint conditions for each activity sorted in 
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ascending order of activity code. *(Use this selection only when the Precedence Diagramming 
Technique is specified.)* 

> selection 7 < [2] [3] [5] [ ] copies of the milestone report listed [in ascending order of activity 
[event] [code]] [responsibility code] [early start] [completion date]. 


2.11SPECIALIZED NETWORK ANALYSIS 

Zale) 

> selection 1 < Resource Aggregation is required for the [first [3] [6] [12] [ ] months] [entire 
project] for the following resources and the following reports shall be submitted: >tabular format 
for early start dates<, >tabular format for late start dates<, >histogram format for early start 
dates<, >histogram format for late start dates<, >cumulative early start<, >cumulative late start<. 


RESOURCE CODE | RESOURCE DESCRIPTION | UNIT OF MEASURE 
__ a a a 
ms a a ds eee 






Dall. 2 
> selection 2 < Resource Leveling will be performed for the following resources: *(The analysis 
becomes useless if more than 3 resources are listed. Simulation with different priorities is 


encouraged. )* 


PRIORITY RESOURCE DESCRIPTION _| UNIT OF MEASURE 
eee 





] 


The following reports shall be submitted: >tabular format for each resource<, >histogram format 
for each resource<, >tabular format for all resources<, >histogram format for all resources<. The 
final leveled activity report shall be presented as a schedule sorted in order of the activity start 
date. 


Zal.3 

>selection 3 < Resource allocation will be performed considering the following resource 
availability at the project level: *(After filling in the desired resource and its appropriate unit of 
measure insert the maximum number of units available just before the "from" and then insert the 
dates when the resource level restrictions apply.)* 


CODE | DESCRIPTION | MEASURE _| Units date date 
errr eee ee aaa 
| SS SSS Sse ee 


The final allocated activity report shall be presented as a schedule sorted in order of the activity 
Start date. 









PART 3 PROGRES MONITORING AND UPDATING 


3.1 UPDATING FREQUENCY 
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A [bi-monthly] [monthly] [ ] update meeting shall be conducted by the Contractor's Project 
Manager {Consultant} and appropriate Owner's representatives to update the network and review 
the Contractor's progress. 

{alternative 1} The network database shall be updated on a [daily] [weekly] [monthly] [ ] 
basis. 


3.2 UPDATING PARTICIPATION AND CONTENT 

The update meeting shall be [conducted at the Contractor's field office on site] [conducted at the 
Contractor’s home office] [conducted at the office Owner's representative] and attended by the 
Contractor’s project manager, general superintendent, [appropriate subcontractor representatives], 
[*(add your own)*] and appropriate scheduling personnel to meet with the designated Owner's 
representative. During the update meeting, the Contractor will describe, on an activity by activity 
basis, all proposed revisions and adjustments to the network required to reflect the current status 
of the project. The Owner's representative shall approve activity progress, proposed revisions and 
adjustments, and the use of any optional calculations. 

{alternative 1} If the impacts of certain scheduling changes or update information cannot be 
properly predicted at the update meeting, the Owner's representative shall have [2] [3] [5] working 
days after receipt of the updated reports to review and approve the impacts of the revised input. 
Approval of the updated schedule shall be made in writing. 


3.3 UPDATED NETWORK APROVAL 

The following shall be specifically addressed: 

> selection 1 < The actual start and actual finish dates for all activities in progress or completed 
since the last update as appropriate. 

> selection 2 < The estimated remaining duration for each activity in progress. Progress 
calculations must be based on remaining duration in work calendar units for each activity. 

> selection 3 < The earned value for each activity completed. 

> selection 4 < All logic changes pertaining to change orders on which a Notice to Proceed has 
been issued, contractor proposed changes in activity sequence or durations, and corrections to 
schedule logic to avoid out of sequence progress. 

BEBEIEGUION <5. cs ccseeseeanacse 


3.4 UPDATING TURNOVER TIME 
The updated network and required reports shall be provided to the Owner's representative within 
[48] [72] [ ] hours after the updating meeting. 


3.5 UPDATING RECORDS AND PROCEDURES 

Attendance and major discussion issues shall be recorded and included as part of the update 
Meeting minutes, which shall be kept for each update meeting. The minutes shall be distributed to 
each of the attendees and shall become a permanent part of the file record. 


3.6 FLOAT MANAGEMENT 

Float or slack time is defined as the amount of time between the early start date and the late start 
date, or the early finish date and the late finish date of any activity in the network schedule. 

[option 1] Float or slack time is not for the exclusive use or benefit of either the Owner or the 
Contractor. The float or slack time belongs to the project and shall be available to anyone that 
needs it first. 

{alternative 1} The Owner will not claim possession of float or slack time [15] [20] calendar days 
in advance of an activity's expected start date without compensating the contractor. 
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[option 2] The float or slack time will remain for the exclusive use of the owner. 

{alternative 1} The Owner will not claim possession of float or slack time [15] [20] calendar days 
in advance of an activity s expected start date without compensating the contractor. 

[option 3] The float or slack time will remain for the exclusive use of the contractor. 

FOPGIOM Riera eee 


3.7 CHANGE ORDERS 

3.7.1 CHANGE ORDER REPRESENTATION 

The contractor shall prepare suggested network revisions for all proposed contract changes that 
impact the approved schedule and submit them as a sub network to the Owner's representative 
with his price proposal. Each change order shall be represented by at least two activities to include 
an activity designated for preparatory time and another designated for the actual extra work 
duration. 

{alternative 1} The preparatory activity will have an imposed start date, which is not earlier than 
the notice to proceed authorized by the owner. 


3.7.2 CHANGE ORDER SUMMARY AND DOCUMENTATION 

The network revisions shall include a narrative listing of the affected activities including a 
statement of the expected overall impact of the change proposed, and a sub network of the affected 
diagram area. When the change order is agreed upon by the Contractor and the Owner's 
representative, the changed logic and durations shall be utilized in analysis of the overall project. 


3.7.3. TIMING OF CHANGE ORDER INCORPORATION 

When the Contractor is required to proceed with changes prior to settlement of price and/or time, 
the Contractor shall submit the same revisions for concurrence by the Owner's representative prior 
to inclusion in the network diagram. 

{alternative 1} If the Contractor fails to submit or include such revision within [10] [ ] days of 
the notice to proceed, the Owner's representative shall furnish to the contractor the suggested logic 
and/or revised durations to be entered in the network analysis until the Contractor submits 
revisions, and the final changes and the associated impacts have been negotiated. 

{alternative la} If the Contractor has any objections to the data furnished by the Owner’s 
representative, he shall advise the Owner's representative shall be advised promptly of any 
objections and provide a written counter plan; however, the Contractor will continue to use the 
revisions by the Owner's representative until such time as the Contractor’s alternate plan 1s 
approved. 

{alternative 1b} If the Contractor fails to submit an alternative plan within [10] [ ] days after the 
date such suggested revisions were furnished by the Owner's representative, the Contractor will be 
deemed to have concurred with the Owner's representative suggested logic/duration time changes. 
The changes then will be the basis for equitable adjustment for the performance of the extra work. 
MANOrMative } 2... ..ccesseses eeeaseees 


3.8 REQUIRED REPORTS AFTER EACH UPDATE 
The computerized analysis shall be performed and the following reports shall be produced with the 
sorting code priority indicated from left to right: 


> selection 1 < (2) { ] copies of the executive summary report indicating the milestone activity 


completion dates and the completion dates of major sub networks. This report shall include (1) a 
description of activities and progress along the [4] [ ] most critical paths, (2) a description of 
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current and anticipated problem areas or delaying factors and their impact, and (3) an explanation 
of the corrective actions taken. 

{alternative 1} Only modifications that have been authorized and approved by the Owner's 
representative shall be included in the schedule submission. 

{alternative 2} The narrative report shall specifically reference, on an activity-by-activity basis, 
all changes made since the previous period and relate each change to documented, approved 
schedule changes. *(Please note that the referenced changes refer to changes in activity duration, 
description, resources per activity, cost, sorting codes and logic.)* 

falternative } ........0cceese00e. 

> selection 2 < [2] [ ] copies of the overall schedule in ascending order of activity number for the 
activities remaining to be completed. 

> selection 3 < [2] [ ] copies of the schedule sorted in order of least float primary sorting code 
showing the critical activities first and then by the early start date as a secondary sorting code. 

> selection 4 < [2] [ ] copies of the look-ahead bar chart schedule showing major sub networks 
and milestone activities, which is developed by the CPM software and is based on the CPM data 
for an upcoming [2] [ ] month interval. 

>selection 5 < [2] [ ] copies of the cost report sorted by the responsibility code and early start 
which shall serve as a monthly request for progress payment. 

{alternative 1} This report, along with the progress update meeting described above shall provide 
the basis for the contractor's progress payment request and the contractor shall be entitled to 
progress payments determined from the approved update. If the contractor fails or refuses to 
furnish the information and network data which, in the sole judgment of the Owner, is necessary 
for verifying the Contractor's progress, the contractor shall be deemed not to have provided a 
progress payment estimate and, therefore, no progress payments will be made. 

{alternative 2} If the schedule updates occur more frequently than one-month intervals, only one 
request for payment per month will be permitted. 
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Appendix B 


Survey Instructions 
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Instructions. While completing this survey, assume the following: 
e Construction project is new (1.e. not a renovation or repair project) 
e Project scope is well defined 


The goal of this survey is to determine how Project Complexity and Contract Type affect the 
selection of Planning and Scheduling Specification (P&S) clauses. The survey is divided into 
three parts based on the following categories of P&S clauses: (1) General Organization and 
Responsibilities, (2) Scope and Products, and (3) Progress Monitoring and Updating. The survey 
consists of the tables on pages | — 3 (white pages). Filling in the empty, non-shaded, cells of each 
table with the responses listed below completes the survey. A sample specification has also been 
provided (see the blue pages, or pages S-1 — S-13) to assist you in determining the content of each 
P&S clause in the tables. 


Contractors should complete the survey from the perspective of a contractor, and owners should 
complete the survey from the perspective of an owner. The respondent will consider three 
projects, each with the following Complexity Rating: (1) high, (2) medium, and (3) low. The 
project characteristics required to meet each rating are listed at the top of each table. The 
respondent will also evaluate each project (i.e. high, medium, or low) as a Lump Sum Contract 
and a Cost Reimbursable Contract (listed as LS and CR respectively in the row immediately below 
the Complexity Ratings). To complete this survey, the respondent should perform the following: 


a. Start at clause number 1.1 and work across. 

b. Using your experience and expertise, determine if the P&S clause is needed for a hypothetical 
project that meets the criteria for a Complexity Rating of high, medium, and low for both 
Lump Sum and Cost Reimbursable contracts. Place one of the following letters in the 


corresponding cell: 


(1) Y—- Yes; you feel strongly that this clause should be included in the specification (the 
benefit outweighs the cost); 


(2) N—No; you feel strongly that this clause should not be included in the specification 
(the cost outweighs the benefit); or 


(3) U -— Undecided; you are undecided as to whether this clause should be included in 
the specification (cost and benefit are of approximately equal value). 


c. Move to the next clause and repeat until all empty cells are filled in. 
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See the following example: 


Consider clause number 2.2 (CPM Computer Software to be Used) and a project with a 
Complexity Rating of “high.” The benefit of including thts clause clearly outweighs its 
cost for both Lump Sum and Cost Retmbursable contracts; therefore those cells should be 
marked with a Y (see the table below). 







NA > 1,000 





















NA = _ No. of Construction Activities NS > 20 

NS = _ No. of Subcontractors ND > 13 

ND = _ No. of CSI Divisions CE > 

CE = = Cost of Installed Equipment (long lead items — transformers, elevators, | $250,000 
HVAC equip, etc.) Project Priority 
LS = — Lump Sum Contacts (Unit Price or Fixed Price with Escalation) 

CR = Cost Reimbursable Contracts (Cost Plus Percentage, Fixed, Incentive, 





or Award Fee) 





Complexity Rati HIGH 


P&S Clause Description 4 Contract Ty LS | CR | 
||: Scope and Products a 


CPM Software (or equal) to be Used 







Returning the Survey. After the survey ts completed, fax, matl, or email this page and the 
survey (pages | — 3) to one of the followtng number/addresses: 


Postal Address: Leaf A. Ballast ax 512-471-3191 
University of Texas at Austtn 
Civil Engtneertng, ECJ 5.2 Email: 


Icballast@earthltnk.net 
Austtn, TX 78712 


Survey Disclosure 
Yes No 


Do you want your company’s name to be matntatned conftdential (check one)? 
Do you want to receive the results of thts survey? 
Respondent’s Information (optional) 


Company’s Name: 
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Appendix C 


Survey Results for High Complexity Lump Sum Projects 
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C 
Description Ctr-A Ctr-B 


Description, References, Standards 

Scheduling Responsibility 

Minimum Qualifications of Planning and Scheduling Staff 

_ Training Requirement for Contractor, Subcontractor, Owner 

_ Preliminary Network Submission Deadline — 

Detailed Network Submission Deadline 

Review and Approval Process 

Cost of Planning/Scheduling and Monitoring 7 
Progress Payments for Planning/Scheduling and Monitoring - 
‘Subcontractor Input 

_ Contractor’s Scheduling Plan 
Planning/Scheduling and Monitoring Audits. 

Confidentiality/Schedule Ownership | 

Computer Access and Security 

__ Network Analysis Technique 








CPM Software (or equal) to be Used 
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gos | 5 Activity Description > 
2.3.2 Activity Duration (Time Units) =. 
2:3:3 tActivity Coding System 7 =e. & 
2.3.4 Responsibility Codes _ a ; 
2.3.5 Activity Level Resources 
2.3.6 Project Level Resources 7 . 
Ler! Activity ¢ Costs oe 
2.3.8 Work Calendars | 
2.4.1] Maximum Activity Duration 
2.4.2 Maximum Activity Costs _ ; 
2.4.3. Minimum Number of Activities in the Completed Network 7 
2.4.4 Minimum Number of Activities in the Preliminary Network 
2.5.1 Summary Schedule 
2.5.2 Preliminary Network 7 aa 
2.5.3 Detailed Network ca : (eee 
0 Project Breakdown Structure — ; _ ae 
oan Milestones and Imposed Dates a _ mi ae 
2.8 Activity Sorting Requirements  ——s—s—ss = 2 De 
2.9 Drafting Requirements _ aS 7 ng 
2.10 Required Reports for Initial Submittal of Completed Network ix 146i 
2.11.1 Resource Ageregation ee Ne 
2.11.2 Resource Leveling: Jot eS ee Nee 
7 es Wesource Allocation Optimization 7 = N= aegN 
3.1. Updating Fequency = — aa er 
3.2 Updating Participation , N VG. 
3:3 Updatd Network Approval N Y 


oy, 





x. 
> 





> 


Ctr-C Ctr-D Ctr-E Own-A Own-B Nav-A Nav-B Nav-C Nav-D Nav-E Nav-F 












































Si presreirelreli=\iotreiretrelioliol ries >>| ple 25 |Dt> |p aloe! a oe) be eo eae Zi Z| > > 
‘aitatatalalaltal deli ittaltalt altel altaicaltalcaltalt altel altel alt alt alt altalt-italtaicaltaitaltaltaitalts; 
4 a a ek Ee il 

>A DDH Hmmm HD sacdaaeededdeuawnredaede: aitaltaltaltalte 

PE CEE ILE ECD 
> Z Dim\m1D 2 Zz/Z 2/2) ZZ |Z) mii |D>/D/ D> vlolalz Izizizizi Zizi ZZ z|\>lz)> 

i aan / ++ poe oltctl ies ae pep et 

Peitelreltelteltaltaiioi= mm DID >> > >> p13 5B mm mm 15 > > > |p > > 
Te aba as fe (ac) eR | t+ ‘ima al i ) Pewee ea 
Z > [oe pale pal oaliz, ze! >! aa Lz |Z fe |e! foe eal fl al Ze |Z EZ dz, [a | | al st Z| zi | [> 

| lian eet oe a | 
PA Aree ar Arteta intiale Aree reia ior eiiaUmly A aremreremeirel cel [mipelialrelin}reyrerre 


Dee ee |] ZZ ed ee) el ee | ee el || ee a 


= t + 


+ t t t 


| | | | | | | | 
altel al Ataltaltell 4 ay a’ AV AY Ab lal ell al al) AY AY AP ol ol Aa Ae Aa ol al AP ot el oP aly A ZZ 


+ 


DDD De De De eZ DDD Ze bebe ee DD eZ 


auico] +t ]u Mims fo ne PS SSE beg eH PS See et eaiies leailicolieoilion bare) OE ps 
ake aula 63 |09| o> OD] OD] OD 1091 OD 


‘ 


Pips aed Pol Aree bol eal esol ie) an) fon) 


24 


Ea) oie | eee 


t 


alt altel altalte 


98 





Desirability 


No ; 


‘S'ololealo alain ialeials'! 


Ta 
= 
=) 


Mminitianinloian wo 
= — | = — — 


| Yes 


T t + j ‘ 4 4 t 


Se eel en) ee | ee et eee ed ee | oe | 


Nav-G Nav-H 


LER PRR 


ailes|<¢ CU} 69] <t [LD | CON J 00 TV [LO|OIs wd (OU Sd bt 
=| fee El S| SH SCT RST E5e1 Raed Coed Raed Kad toed ced aed Kad sed ccd kcal Rea ho 





92 





Updating Turnover Time 
_Updating Records and Reporting 
Float Management 


‘Change Order Representation ron 
Change Order Summary/Documentation 
Timing of Change Order Incorporation 
Required Reports at Each Update 


Specification Desirability 1.898 2.204 





100 





/ shea 


1.286 | 2.418 | 2.602 


on 
© 
© 
N 
CN 
00 
o 
N 
No) 
on 
> 
or 


1.898 2.602 





2.813 2.344 


101 





10.98 1.184 2.79 





102 





Appendix D 


Survey Results for Medium Complexity Lump Sum Projects 


103 















[cs aig Description, References, Standards N 
Scheduling Responsibility 
| 6 | 14 (Training Requirement for Contractor, Subcontractor, Owner | N | N 
[8 | 16 [Detailed Network Submission Deadline | ON | OY 
9 | 17 (Review and Approval Process | NOY 
}10| 18 [Cost of Planning/Scheduling and Monitoring | CY | ON 
Progress Payments for Planning/Scheduling and Monitoring 
Subcontractor Input 
[13] 1.11 |Contractor’s Scheduling Plan | NN 


104 





eee 
RO ae 


aya a oe a 
re] NON YON [yu yo ON ON 
pe ee 
ay | Y | YY | NY ee See eae 








NEN LO ee 
Y 





105 


















6] u | 3 | 3 | 8 | 0964 
(sf ult iw | 2] 2 | 2357 
on ee 
j10o{ Ui | 2 | 2 | 10 
Hy $f 8 | _ 864 
5 | 2 
13] Y | 3 | 3 | 8 | 0.964) 
ji4{ U | 2 | 5 | 7 | 0964 
Hey Uf 3 8 | 8 be 
9 | 0.964 
a7{ u | ut | t | 2 | 2.464) 
19] U | iu | 2] i | 257 
20] ui | i | i | i | 2679 
2a] u | i} i} a | 2679 
23] U | 8 | 2 | 4] 1929 
24] u | 4) 4 | 6 | 1286 
25] ul] 9 | 1 | 4 | 2.036) 









fas] U | 9 | 3 | 2 | 2250 
faa U | 9 | 3) 2) 2.250 


106 





‘Updating Tumover Time 7 
Updating Records and Reporting 








149] 3.7, 
Timing of Change Order Incorporation 


Specification Desirability) 0.612 | 1.469 








107 





N 
1.776 


: 
; 
; 
: 
: 





296 |. 1.684) 1.898 12173 | 26652 05 ez loos 





Zz 


1.286 








2.438 


O8 


l 











109 





Appendix E 
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Clause Title: 


Contingency Table for Clause Number 1.1 


Description, References, 


Standards 


Project 
Complexity 
Rating 


Clause Title: 


High 
Medium 
Low 


Totals 
2 


x? critical 


Cramer’s V 


Contingency Table for Clause Number 1.3 


Minimum Qualifications of 


Planning and Scheduling Staff 


Project 
Complexity 
Rating 


High 
Medium 
Low 


Totals 
2 


x? critical 
Cramer’s V 


Clause Desirability Rating 


Yes 
13 
(9.4) 


6.23 
aN 
0.381 


Clause Desirability Rating 
Yes Und/No 


(6.6) (8.4) 


=) 2 
(6.2) (7.8) 
> 13 
(6.2) (7.8) 
19 24 
only 
5.99 
0.668 


Nahe, 


Und/No 


(5.6) 
(8.8) (5.2) 
(8.8) (5.2) 


Totals 


15 


14 


14 


43 


Totals 


15 





Contingency Table for Clause Number 1.5 


Clause Title: 
Preliminary Network 


Clause Desirability Rating 


Submission Deadline UGS EIN 
‘ 15 0 
| sueh (8.7) (6.2) 
Project 7 3 
er Medium (8.1) (5.9) 
ating 
Low : - 
(8.1) (5.9) 
Totals Dis 
7 18.93 
ye critical 5.99 
Cramer’s V 0.664 
Contingency Table for Clause Number 1.7 
Clause Title: Clause Desirability Rating 
Review and Approval Process Yes Und/No 
ie 2 
| mee (8.4) (6.6) 
Project - - 
” Medium (7.8) (6.2) 
ating 
1 4 10 
(7.8) (6.2) 
x? 5.99 
x? critical 5.99 
Cramer’s V 0.373 
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Totals 
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14 


14 


43 


Totals 


Is 


14 


14 


43 





Contingency Table for Clause Number 1.10 


Clause Title: 
Subcontractor Input 


High 
Project 
Complexity Medium 
Rating 
Low 


Totals 

2 

Be wks 
xX" critical 
Cramer’s V 


Contingency Table for Clause Number 2.3.5 


Clause Title: 
Activity Level Resources 


High 
Project 
Complexity Medium 
Rating 
Low 


Totals 

2 
x? critical 
Cramer’s V 


Clause Desirability Rating 


Yes 
(7.0) 
(6.5) (7.5) 

(6.5) (7.5) 


10.96 


Bee) 


0.505 


Clause Desirability Rating 


Yes 


Und/No 


(8.0) 


Und/No 


(7.3) (7.6) 


8 6 
(6.8) (7.2) 
4 10 
(6.8) (7.2) 
21 22 
3.44 
5.99 
0.283 


14] 


Totals 


15 


14 


14 


43 


Totals 


he 


14 


14 


43 





Contingency Table for Clause Number 2.3.7 


Clause Title: Clause Desirability Rating 
Activity Costs Yes Und/No 
10 5 
| se (8.7) (6.2) 
Project 9 5 
— Medium (8.1) (5.9) 
ating 
Low ° : 
(8.1) (5.9) 
2.01 
* critical 5.99 
Cramer’s V 0.216 
Contingency Table for Clause Number 2.4.1 
Clause Title: Clause Desirability Rating 


Maximum Activity Duration 
y Yes Und/No 


High 0 
Project 10 4 


Rating 


3 1] 
L 
ad () () 
Totals 25 18 
y* playa 
x” critical 5.99 
Cramer’s V 0.522 


142 


Totals 


NS 


14 


14 


43 


Totals 


15 


14 


14 


43 





Contingency Table for Clause Number 2.4.3 


Clause Title: Clause Desirability Rating 
Minimum No. of Activities in 


the Completed Network ws a NE poe 
9 6 
7 ame (5.2) (9.8) 2 
Project A 10 
Complexity Medium 14 
Rati (4.9) (9.1) 
ating 
Low : ua 14 
(4.9) (9.1) 
x? 7.03 
4? critical De 
Cramer’s V 0.404 
Contingency Table for Clause Number 2.4.4 
Clause Title: Clause Desirability Rating 
Minimum No. of Activities in 
the Preliminary Network mee Spano potas 
; 9 6 
| aon (6.0) (9.0) = 
Project 5 9 
oe eu) Nak ty (5.5) (8.5) a 
ating 
Low : 14 
(5.5) (8.5) 
es 4.63 
x critical 5.99 
Cramer’s V 0.328 


143 





Clause Title: 


Contingency Table for Clause Number 2.5.1 


Summary Schedule 


Project 
Complexity 
Rating 


Clause Title: 


High 
Medium 


Low 


Totals 


D 
6 

x? critical 
Cramer’s V 


Clause Desirability Rating 


Yes 


(8.4) (6.6) 


9 
(7.8) 
3 
(7.8) 


24 


10.68 
5.99 
0.498 


Und/No 


5 
(6.2) 
1 
(6.2) 


19 


Contingency Table for Clause Number 2.5.2 


Preliminary Network 


Project 
Complexity 
Rating 


High 
Medium 
Low 


Totals 
2 


2 e,e 
xX” critical 
Cramer’s V 


Clause Desirability Rating 


Yes 
(8.4) 
(7.8) 
(7.8) 


6.04 
Sey 
0.375 
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Und/No 


(6.6) 
(6.2) 
(6.2) 


Totals 


15 


14 


14 


43 


Totals 


15 


14 


14 


43 





Contingency Table for Clause Number 2.7 


Clause Title: Clause Desirability Rating 
Milestones and Imposed Dates Und/No Totals 


Yes 
: 1] 4 
| auen (8.4) (6.6) 2 
Project 9 5 
a a Medium (7.8) 14 
ating 
Low : ae 14 
(7.8) (6.2) 


Me 6.49 
4? critical 5.99 
Cramer’s V 0.388 


Contingency Table for Clause Number 2.9 


Clause Title: Clause Desirability Rating 
Drafting Requirements ane Und/No Totals 
; 11 4 
| High (7.3) (7.6) = 
Project - 3 
Complexity Medium (6.8) (7.2) 14 


Rating = 2 1] 7 
(6.8) (7.2) 


ve 7.82 
* critical 5.99 
Cramer’s V 0.426 
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Contingency Table for Clause Number 2.10 
Clause Title: Clause Desirability Rating 


Reqrd. Rep. for Initial Submtl 
of Completed Network Und/No Totals 


Yes 

12 2 
| eee (7.7) (6.3) i 

Project 7 6 
sis Medium (7.1) (5.9) 13 

ating 
Low : i 13 
(7.1) (5.9) 


x? 10.70 
x? critical 5.99 
Cramer’s V 0.517 


Contingency Table for Clause Number 3.2 


Clause Title: Clause Desirability Rating 
Updating Participation vee Und/No Totals 
12 3 
High 15 
Project . 25), 08) 
9 5 
Complex Medium 14 
as 4 a (8.8) (5.2) 
Low : : 14 
(8.8) (5.2) 
x? 4.30 
x’ critical 5.99 
Cramer’s V 0.316 
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Clause Title: 


Contingency Table for Clause Number 3.3 


Updated Network Approval! 


Project 
Coniplexity 
Rating 


Clause Title: 


High 
Medium 
Low 


Totals 
2 


Xx 
x? critical 
Cramer’s V 


Clause Desirability Rating 


Yes Und/No 


(9.0) (5.9) 


9 > 
(8.5) (5.5) 
5 8 
(8.5) (5.5) 
26 17 
2.94 
Dee 
0.261 


Contingency Table for Clause Number 3.4 


Updating Turnover Time 


Project 
Complexity 
Rating 


High 
Medium 
Low 


Totals 
2 


7 critical 
Cramer’s V 


Clause Desirability Rating 


Yes Und/No 


(10.1) (4.8) 


2) 5 
(9.4) (4.6) 
fi i 
(9.4) (4.6) 
Jae, 14 
4.53 
Dee, 
0.325 
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Totals 


15 


14 


14 


43 


Totals 


15 


14 


14 


43 





Contingency Table for Clause Number 3.5 


Clause Title: 
Updating Records and 
Reporting 
High 
Project 
Complexity Medium 
Rating 
Low 


Totals 


x? critical 


Cramer’s V 


Clause Desirability Rating 


Yes Und/No 


(8.4) (6.6) 


8 6 
(7.8) (6.2) 
5 9 
(7.8) (6.2) 
24 19 
4.17 
5.99 
0.311 


Contingency Table for Clause Number 3.6 


Clause Title: 
Float Management 


High 
Project 
Complexity Medium 
Rating 
Low 


Totals 
y 


x? critical 


Cramer’s V 


Clause Desirability Rating 


Yes Und/No 


(9.0) (5.9) 


9 5) 
(8.5) (S) 
5 9 
(8.5) (5.5) 
26 17 
6.07 
De 
0.376 
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Contingency Table for Clause Number 3.7.2 


Clause Title: 


Change Order 
Summary/Documentation 
High 
Project 
Complexity Medium 
Rating 
Low 
Totals 
% 


7 critical 
Cramer’s V 


Clause Desirability Rating 


Yes 


(9.4) (5.6) 


9 
(8.8) 
-| 
(8.8) 


psa 


13.02 
5.99 
0.550 


Und/No 


5 
(5.2) 
10 
(5.2) 


16 


Contingency Table for Clause Number 3.7.3 


Clause Title: 
Timing of Change Order 
Incorporation 


High 
Project 


Coniplexity 
Rating 


Medium 
Low 


Totals 
2 


7 critical 
Cramer’s V 


Clause Desirability Rating 


Yes 


(8.7) 


— 
* 


(8.1) 


(8.1) 
25 


5.84 
5.99 
0.369 


oe 
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Und/No 


(6.3) 
(5.9) 


(5.9) 
18 


Totals 


15 





Contingency Table for Clause Number 3.8 


Clause Title: 
Required Reports at Each 
Update 
High 
Project 
Complexity Medium 
Rating 
Low 
Totals 
0 


1 e138 
X° critical 
Cramer’s V 


Clause Desirability Rating 
Yes Und/No 


(8.4) (6.6) 


7 : 
(7.8) (6.2) 
5 9 
(7.8) (6.2) 
24 We) 
6.04 
Spee, 
O75 
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Totals 


Ne 


14 


14 


43 





Appendix J 


Contingency Tables for Clauses for Cost Reimbursable Projects 


iS 





Contingency Table for Clause Number 1.3 


Clause Title: 
Minimum Qualifications of 


Clause Desirability Rating 


Planning and Scheduling Staff Yes Und/No UGials 
; lz Z 
| sae (6.0) (8.0) an 
Project 4 9 
— Medium (5.5) (7.5) 13 
ating 
HB ] 12 40 
(5.5) (7.5) 
Totals 17 Js, 
17.88 
1’ critical 5.99 
Cramer’s V 0.669 
Contingency Table for Clause Number 1.5 
Clause Title: Clause Desirability Rating 


Preliminary Network 
Submission Deadline 


Project 
Complexity 
Rating 


High 
Medium 
Low 


Totals 

2 

e. ons 
x" critical 
Cramer’s V 


Yes Und/No 


(8.1) (4.9) 
+ 9 
(8.1) (4.9) 
25 15 
14.40 
5:99 
0.600 


152 





Contingency Table for Clause Number 1.7 


Clause Title: Clause Desirability Rating 
Review and Approval Process Yes Und/No Totals 
12 Zs 
High 14 
Project : Wes) cz) 
; 6 i 
Complexity Medium 13 
Rating : (6.8) o 
Low : i is 
(6.8) (6.2) 
Totals 21 19 40 
x" 10.92 
1° critical 5.99 
Cramer’s V 07522 
Contingency Table for Clause Number 1.10 
Clause Title: Clause Desirability Rating 
Subcontractor’s Input Yes Und/No Totals 
12 Z 
High 14 
Project : om) (oN) 
. 4 9 
Complexity Medium ie 
Raine (2:3) (sd), 
Low a lk 
ie) (7.5) 
Totals bi, Ze 40 
x? 17.88 
x” critical 5.99 
Cramer’s V 0.669 
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Contingency Table for Clause Number 2.3.5 


Clause Title: Clause Desirability Rating 
Activity Level Resources ve Und/No Totals 
: 2 5 
, nen (6.6) (7.4) a 
Project 7 6 
a Medium (6.2) (6.8) 13 
ating 
Low : ae 13 
(6.2) (6.8) 
4? 4.90 
7 critical 5.99 
Cramer’s V 0.350 
Contingency Table for Clause Number 2.3.7 
Clause Title: Clause Desirability Rating 
meaty Costs Yes Und/No Totals 
, 11 3 
| HED (9.1) (4.9) me 
Project 9 ii 
aad Medium (8.4) (4.5) 13 
ating 
Low S d 13 
(8.4) (4.5) 
? BV) 
x? critical 5.99 
Cramer’s V 0.286 
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Contingency Table for Clause Number 2.4.1 


Clause Title: 
Maximum Activity Duration 


Clause Desirability Rating 
Yes Und/No 


(8.0) (6.0) 


2, 4 
(7.5) (5.5) 
3 10 
(7.5) (335) 
Be, 17 
wy aXe: 
Dee 
0.489 


Contingency Table for Clause Number 2.4.3 


High 
Project 
Complexity Medium 
Rating 
Low 
Totals 
2 ule 
xX" critical 
Cramer’s V 
Clause Title: 


Minimum No. of Activities in 


the Completed Network 


High 
Project 
Complexity Medium 
Rating 
Low 
Totals 


2 
2 o,* 

xX" critical 

Cramer’s V 


Clause Desirability Rating 


Yes Und/No 
9 5 
(5.2) (8.8) 
4 9 
(4.9) (8.1) 
2 11 
(4.9) (8.1) 
15 25 
725 
5.99 
0.426 
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Totals 


Ns 


Ls 


40 


Totals 


ls 


Ils 


40 





Contingency Table for Clause Number 2.4.4 


Clause Title: Clause Desirability Rating 
Minimum Number of 
Activities in Prelim. Network ues Unee moEaIS 
: 9 5 
| en (6.0) (8.0) 
Project 5 g 
—” Medium (5.5) (7.5) 13 
ating 
Low : 10 iS 
(5:5) (75) 
x? 4.81 
* critical 5.99 
Cramer’s V 0.347 
Contingency Table for Clause Number 2.5.1 
Clause Title: Clause Desirability Rating 


Summary Schedule Und/No Totals 


Yes 
: 2 Z 
| High (8.0) (6.0) i 
Project Fi 5 
G cal Medium (7.5) (5.5) 13 
ating 
Low : a 13 
(7.5) (5.5) 


x? 10.95 
x? critical 5.99 
Cramer’s V 0.523 
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Contingency Table for Clause Number 2.5.2 


Clause Title: Clause Desirability Rating 
Preliminary Network Und/No Totals 


Yes 
, V2 WA 
| cee (8.8) (5.2) a 
Project 8 5 
Complexity Medium (8.1) (4.9) 13 
Rating 5 2 
oy (8.1) (4.9) = 


y* 6.43 
* critical 5.99 
Cramer’s V 0.401 


Contingency Table for Clause Number 2.7 


Clause Title: Clause Desirability Rating 
Milestones and Imposed Dates Yes Und/No Totals 
, 10 4 
iz eee (7.4) (6.6) - 
roject 7 5 
Complexity Medium (6.8) (6.2) 13 


Rating 1 3 10 ‘: 
(6.8) (6.2) 


? 6.95 
* critical 5.99 
Cramer’s V 0.417 


ey) 





Contingency Table for Clause Number 2.9 


Clause Title: Clause Desirability Rating 
Drafting Requirements Yes Und/No 
10 4 
| High (6.6) (7.4) 
Project 6 j 
— Medium (6.2) (6.8) 
ating 
rae 3 10 
: (6.2) (6.8) 
x 6.33 
x? critical 5.99 
Cramer’s V 0.398 
Contingency Table for Clause Number 2.10 
Clause Title: Clause Desirability Rating 


Reqrd. Rep. for Initial Submt] 


of Completed Network Yes Und/No 


Project 


; 1] 2 
ge (6.0) 


i ote e 6 . 
aaa Medium (6.5) (5.5) 
ating 
Low : : 
(6.5) () 
Totals 20 17 
2 9.05 
1° critical 5.99 
Cramer’s V 0.494 
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Totals 
14 


13 


13 


40 


12 


37 





Contingency Table for Clause Number 3.2 


Clause Title: 
Updating Participation 


High 
Project 
Complexity Medium 
Rating 
Low 


Totals 

” 

7 critical 
Cramer’s V 


Clause Desirability Rating 


Yes 


13 
(8.8) 


(S210) 


(8.1) 


ho 


oS 
Bee 
0.478 


Und/No 


(5.2) 
(4.9) 


(4.9) 
15 


Contingency Table for Clause Number 3.3 


Clause Title: 
Updated Network Approval 


High 
Project 
Complexity Medium 
Rating 
Low 


Totals 
z 


4° critical 
Cramer’s V 


Clause Desirability Rating 


Yes 


1] 
(8.4) 


(7.8) 


(7.8) 


3.26 
Spe) 
0.285 


ay 


Und/No 


(5.6) 
(2) 


(5.2) 
J 


Totals 


14 


Totals 


14 


13 


13 


40 





Contingency Table for Clause Number 3.4 


Clause Title: Clause Desirability Rating 
Updating Turnover Time Und/No Totals 


13 
Project ) a ° 
Complexity Medium ey 13 
Rating on a. 2) 
Low a 4) (4. 13 


x? U2 
¥* critical 5.99 
Cramer’s V 0.433 
Contingency Table for Clause Number 3.5 
Clause Title: Clause Desirability Rating 
ie Records 206 Yes Und/No Totals 
eporting 
1] 3 
| mien (7.4) (6.6) a 
Project 6 ~ 
vn oasenal Medium (6.8) (6.2) 13 
ating 
Low ‘ 13 
(6.8) (6.2) 
7 6.49 
¥* critical 5.99 
Cramer’s V 0.403 
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Contingency Table for Clause Number 3.6 


Clause Title: Clause Desirability Rating 
Float Management ee Und/No 
. IZ 2 
. mee (8.8) (5.2) 
Project g 5 
— Medium (8.1) (4.9) 
ating 
Low ; : 
(8.1) (4.9) 
Totals 25 15 
6.43 
y? critical 5.99 
Cramer’s V 0.401 
Contingency Table for Clause Number 3.7.2 
Clause Title: Clause Desirability Rating 
Change Order 


Yes nd/N 
Summary/Documentation 4 : 


14 0 


Project 7 5 
Complexity Medium 
Rating oD) es) 
Low : 
(8.4) (4.5) 
2 14.30 
¥* critical 5.99 
Cramer’s V 0.598 
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Totals 


14 


Ike; 


16, 


40 





Contingency Table for Clause Number 3.7.3 


Clause Title: 
Timing of Change Order 
Incorporation 


High 
Project 
Complexity Medium 
Rating 
Low 


Totals 
2 
XK, 
xX critical 
Cramer’s V 


Clause Desirability Rating 


Yes 
12 
(8.4) 
(7.8) 


(7.8) 
Z 


6.58 
3 .ok, 
0.405 


Und/No 


(5.6) 
(522) 


(5.2) 
l 


Contingency Table for Clause Number 3.8 


Clause Title: 
Required Reports at Each 
Update 


High 
Project 
Complexity Medium 
Rating 
Low 


Totals 
2 


x 
7 critical 
Cramer’s V 


Clause Desirability Rating 


Yes 


12 
7) 


: 


(7.1) 
4 
(7.1) 


“ 
i) 


8.83 
DEL, 
0.470 
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Und/No 


(6.3) 
(5.9) 


(529) 
18 


Totals 


14 


13 


13 


40 





References 


Ashley, D., et al, 1986. Impact of Various Construction Contract Types and 
Clauses on Project Performance, A Report to the Construction Industry 
Institute. 


Clark, J. R., 1990. Practical Specifications for Project Scheduling. Cost 
Engineering, Vol. 32(6), June. 


Fairchild, W. E., 1985. CPM Specifications in Construction, Masters Report, 
University of Texas at Austin. 


Georges, D. R., 1991. An Improved Cnitical Path Method Scheduling 
Specification for Use in the Navy’s Military Construction Program. 
Masters Report, University of Texas at Austin. 


Gidado, K. I., 1996. Project Complexity: The Focal Point of Construction 
Production Planning. Construction Management and Economics, Vol. 
14(3). 


Knoke, J. R. and Schmitz J., 1992. Automating the Schedule Review Process. 
Transactions of the American Association of Cost Engineers, Vol. 2, June. 


Nesius, J. J., 1998. The Effect of Contract Remuneration on Construction Project 
Performance Factors, Masters Thesis, University of Texas at Austin. 


Popescu, C. M., 1987. Reaching Goals with Planning and Scheduling 
Specifications. Project Management Institute Seminar Proceedings, 


October. 


Popescu, C. M., 1991. Quality Control and Quality Assurance in Planning and 
Scheduling. Project Management Institute Seminar Proceedings, October. 


Zack, J. G., 1992. Schedule ‘Games’ People Play, and some Suggested 
‘Remedies.’ Journal of Management in Engineering, Vol. 8(2), April. 


163 





Vita 


Leaf Aquilla Ballast was born in Orange, Texas on April 18, 1968, the son 
of Marlene Cenith Ballast and Robert Charles Ballast. Upon completion of work 
at Little Cypress — Mauriceville High School, he entered Texas A&M University 
where he received the degree of Bachelor of Civil Engineering. In August of 
1990 he entered the United States Navy Civil Engineer Corps and has served at 
various stations around the world. He currently holds the rank of Lieutenant and 
is a registered Professional Engineer in the state of Florida. In June of 1999 he 
entered The Graduate School at The University of Texas under the Navy Graduate 


Program. Per Unitatem Vis! 


Permanent address: 508 Brookshire Dr. 
Orange, Texas 77630 


The author typed this thesis. 


164 


66 Ncbeb G 


6/02 77527-200 “8 









































































































































































































































. r 
~ 
e -« = 
* em ais ike 
zs eww ot, - “—«- © 
~ ° Py . - Co 
a i nt a a hs 4 ts ad e ° e . < - . 
ou ° e . es ~<« . 
= ‘- ~e e a ~ = e Ln - e206) @® ele ee = 
Me, a ° - ee) eet © sen 6 
- . ™ * = . o-¢ - enone ° =o ur = +s 
7 Pe i =~ 2 bo - “ . » ene 
os ~ eer _ ° : es ” i. bee at a ae eee 
m= ome ~ L! Iie ios al sie bd % ,_ ee ea "eee - - - --. * ¢ =e » w ~ 
Mere e ° ae : es . oe « a ae. oh 4 wer ote os a rer of eoen ane “a. - 
wr are = "ss “ae ene —we a Smiling SLR wie pasion lie, og Meee eu 
- "a. . co -= - eee fe = 
1 2 . ‘ ° a 5 - . - 4 e 2 : = MER eee tc eee te ere Be Lae ate 
| : G i ai a ; “2 me "Ss * ase * or nee a 7 
sua we © ee pee * s ses ise . oa ae Pe we oes siieee gee 
; : - - - a «7 oe a 
“ ¥ e = . ° . v . Poets Baie ree ee 
- on “~ - ae ° - . ° ‘ ‘ aes aoe Sei : ae 
i nied ; a = es * if a -“ awe . “18 @ “wre evlOan es © viewmns a ee 
~ Some tate ree a .- © comes * - om awe a « - . - 5 < A E S pele nene pass rece ae s ne oe "ce we Te 
- - ; = ee 5 2 . Gageer 5 : a * Le ass « — wean, aia 
Re me CP me we oe - # = © @00 = .- es omer - f . a=* =a oki iewicietce ee ae Stake) 
Me = Rem Aten ae =e Be aes = «= ails we a ee FB oe ae ‘ bee rr me.) ; ; oe sneer ee, eeu. 's 
“- es Le ewe ae . - me 7 an Se Mig ah ee hm mA Was ee = ‘2 as oe ed ‘ = : ; fs 
2 88 Qos tee . ome St . ee ee ee ae = aS: ee . ae es ae 
. +. ee mew .- = ee “ - . 2 - . . ° ry Se ese ete ‘ t eat 
ma tee < . * me ee = = ees 2 "- « . -<e . Ee) entre 5 © oe tae i ra Sone 
2 te mm ee = - Cn er ee = a> ok ee oe, . - oe = «@ « 2 . c= wer os Pye agente ae e 
=e te Ge ek “ae e o a? me Cm ioe Oe ence 5 . ee - te Tt coe zi ——— bs 
See Ss (aa = eee oii ae eh aw me Pee a ee-= - Pres. e Fist tom “= =e > . “a Oe Re am Oe gnmtege wo zee aes = ae bahutihiraibect aged A) 
Coe ee ere res Sagem a erarnce cae pels core Maite nl gaat . ee Paes ee : : Ae ot cern cateeanre om 0 a Saou Ae al” ore 
Fleas aoe a ee an a ron als (OE aac ac os nem ee CO Oe oi 5 + w ie w- e : . s of Senter nema eae eesee 
FS ied etl te ol yO cl age hp ~= ee ae a ee me Fodu@ we © tammy - eens Seca SP eel ‘ ich gd a 
a aes An Pl PC ee == 2 vine" es) Pwfem yet = © coms. ae Cpe - nS : 3 2 x ee SD re on, 
Be em ee er ew er Be Me a ~~ = & nfo pee ae oe 5 ame Fe He a - - - ° ®e a = i ery e28 = Byeee a CS tee ae 
. = «a - ee . - .- es = eh Wie we. a _ a ee oa ° o WO uns ever ales atataracavete pi ee 3 
ae (m pomrGan cee ere ee ver Et eat Sa ie * . Pe ik he e “tun wane pode Mel tl elt SEE Tet nT pe ee Te . Pe a ans y i 
=e oo ~~ gw FD ame se we “= we . on . "- . sense © em © ame = ay - a * o- oa * a ee et . oe em oer -m 0 © e008 ww ‘eaalaeechta . . ~ - 
a “1 eo, ee ber HE Dae pes, eee ee Mm Ree Bee ~ 9 0 Pree .! + aac ‘ e ewes s * ' ev 2 es th) a 8 oeawe « wore, ie ee NOD & 
Vet wom Rie Seed tite eS eT Po . “se oF 8 Rae oe . oe = «~ ae) . . =a 2 . - eo 6 2 =o . =: adie ade! on ce se aeneeee pet hs Lae ba 
ar te a ou Ld ae oe Pl - = Shel ee Snare oe oe te meree . ss 7 « Ww ‘ * ~.s «ft | me - in . -_O~m ey #6 me oe! am bes, “ ee = Poaegeears . 
te Td =e Ne Be Ame ae oT eee Mh ape meted, =e erm me - . Vee se . ~ a %&, a * o¢ am > . . . e © o 4 tye a a > 2 as rs Ines ibys 
Meet eee eae - “we, i Se ae. itetk este Sen whe ew =~ . whee ame « = § y we noes earner tene one ge a : Serie eee A 2 . on . ae 
Ww = on -~- eur nema. Bane Foes MOrme we te ore *, s+ sime ¢ . ome we. fe a . os adie eo mew » a AS fa sada aqeee Ms . oe © a as we 
ee a ied Te ° SS 8 he 68 se. ce se Re o~ . Hee Oe mw ee ey, . . is = = sf poe be : awe ae ey a ie ee 5 : ee S 
aS are ==) mers Sia os chet poe > NIG Ta ome aera ieee =e ee fa . ~~ eee at be . - 8 s © Peeve . . - oe & met =“ 6 * 6 oe Se see © @ © © sang? ewe «6 aes 8g sg9e shwielue 6 
- oe es Ba eee » ~~? we o = os Bo 28, Aa Ge ee . aye * 2.4% Pape fe mtn Onr . . - « - - eure @ . te few o . spe 6 8 o@6yme . Ci « be ©. apie 
ome eee = ann Oo oh ame ak So) er > aes er ne 8.8 meee omer | one ° ss mm eo ~—s ” . © Senne fiw 2% eer « me<8 was cow e 8 wines 
ma rs ince = | 3 es : Sees 5 shies Baus acsee eee me = . he — . om eet sez -” cette 2 #3 218 6 © wea ee , Fe geo. Were ais 
Kr Oanw ge goes os * ere ” ~ oe ~ eae . =e ,* %& . vere * Pom ee « -* Bar tone Or 2 4 4 om oe *s oo oe aden, os SeRet ake ree 
on eet ee Ones: tee ee ee ee we ; ms ane = or -~ +e 7 e454 ee «6 - a om tare fe © fe aor dehenettes 6s = sega: ontiee ainaei cdg laces 
SO Bm neg Oem wn Gln) = 0 Oey 08s Coram . ° ° *o= woe o &e «6 ~ © -e tev se «Pee @ ete oy ‘Ome me = oe 
ied lial he a ee ea Fmaw. Bip ieee cmlen © @ ve wee of me om eT I ow =o # mee 2 eS eh LOO APRS! Seas = feats Cee & se 
AM Se tecen we mS ere yg See me ee, « 1 4 ie anaes cote rod -¢ ae ocean ae i\eetee he OS bad = = oe, Sanaa ob sr OP Ametng 4.54 8 0 2 00-Cers, 20 oom ow 
melmerie tea bt _~mae sete “ea . =e ee e@e« -_ 7 corm Ne ot - - ° ° ’ of a had —/- o* e oo OP evese 8 @n = ase Soh e ate + Ow 6 ~ e meen a a airaegs Naeae 
Se NOS id ete my oe oe ae _— em Kets ea. Bot me tree oh oom Bt we 7 - a em - en | ‘ses on ose-r 5 om Salad =n Ont eR, a oe “ cated Cow mime tagtan, os ous 
hep adinarttienln Neel MY Ot we deere 8s seas re "sete man oe me a oo wy ” . ° ~ . a @s = 82 «6 a, “ale 36 mle - a heetnese che "wo Pomme oe Fy = a? Apinadvnata ne is 
meme NS ow me ot meme ne eM nomc Eeerme wer gw kw ce N- 3 ee Be orp = ¢ == co see, ° - ~~ =vse 68 - « as Pa co hn le relat tae I er Aiea ea gonn Prsmare ose « Sern. entice = 
sealipaind ime Ee Lee aed ag l ~My wh «* ae eC Tee RL oe ee ? =O. meme = 8. ay ee Peony oon “ “se olpee = a = ~ - F E amiehe ° Ate ie one sees eRe rate Tyg ioe Sg Aen ar sae aa ee 
. % - z = Fe © ore ae ym on , El ” 7 e te. a . ~ « om e - . ene Oe ow 7° . ro - 1 "—-— wf . = awe Se Yt er are Beil Pen eae oliaped 
ae Se RM Sis sagasete & Pee Ra AEs!) lalee a nme a ols Cage ey = *y re ‘a a pi Pare wags Pa = A A - 4 na ; Pr = ee : RE omg be od Knee ae 3 i . 
ee ae PNG wren i omer pane oust tee - SS & err. ou ope 7 8 ste = 9" ow > ewe vee aes 10 wes = ae vice co « w.e = Ne EER a — <o8! © eitae ie 
J . =e, © .eere 8 ° =e 6n8 s - ad * * ws eet ° ye . ate om oF ° - . Cie wre Ce © weep tun aisgate aaa 
we oe we ee sa an fe me of ye - = & et eum = + ws 8: . = te 7 oon “fs *8 r =a er . - . - « = © eon ave 2 os ¢eees oa petniel ec hasam #0 wrmsaru@ ite oe cca, me i ae ee 
eee Ae ijel niaain (wien) mcaremireiaaneceie <m oe “o- ° ree “a 2 ale ae “Vs cee = oe . Pa Tae ment Iai Wallen <2. oteemee cs — Wialeo~gess cy <¥a ts acece sr 
ty Sm eg Shu eNe enn ote einen a 8 ern lm - € mw os a atice itoee mer oe 3ee oe “10 ee om rary Mem 8 ot eats 5 - 20 = coer ae gee : WusMm <usls ibe o eres 
Py tes ot NE me te ep Eee te wee . ® Meee elm om? ae ne: ons our mt ere rs © Cen.e ee ae awe mene = Ore ae ek Panto ese — BAgsU Avi oe t.ae © ce here ees soaticlaes pl ya peoeee a 
Son wen = ol) ae Ate Oe Oe me Ok “sam . sys Nt memse mga - “ -. ¢ we ¢* ae eo4 7 «4 “- = - see w he On ow eeae e ~? ~ we Wee os . ae = *Phee © at mm Croce se tee oud, « Renoeneedn = Pas! auee ie 1 
dnl tied os tr. MATES es wee =e. ge Groen on eo = &ae . Sr - - ene ° = aoe me ce - e e Sd -@ ~~ x of we 8 A ete on uf at inte mide) gal aca tare é Pd bere . a ae 
0 Oe Fm mane ot AN em em mints Te ee ~2e 2. "es e "seem 8 oites Ses ° * “> as . a @ ane = - are one a OS ia a) Commginee a, ig ap 7 © wae - e.8 Se eee es . oUF ra 
—=- a -. oes . . e 
-_*% - 7 A weitere = meee a Po Sele = "Be Sm = © @.pe% ai mreoce © 8. = Ot, on 2¢, +, e »% oe cow -~ma = © a = © don oe © tee ever ee © @ @°" sen @ Sawer oe wy ewe - Mw te . Weer crema teasee  ~ . igre 7! $e us oe 1 a oe 
ee ee - =. om me arm ee Ene =f Sense Ce or Pee Ce es = Se" Py eo ne fe wf alps ee . * « Gf meee tong ~= “46 - = ° ° eq: ° eee © a0 8 OF gene ee © 2k, net © vr ee < tare Vee har sneer see aan -— ‘= ee id 
mei oie tenets ease Pa ole hl fea pp al 4 _* = eA ase sh da ~ fd LO Chadd tds od = 0 Pot Foe sal ee - e - os wet w . . ew a . P Oe wraee eee ae wus hes wae siarsvicsen ancora 
woe Oh gt OAM die =e 2 DO Ne won gee. oe nes = "ee @megeun = e on an Ce Sree Opty a .- = 5 ae 7 = op ef . 2% ee on ee ~ se = ® cn = «© oe . © 66 Hah n® Sage Pa etse PeSepeny e a # 2h @oreparesrec_seces ee, sites mae ee. ae . a is d 
le Sete Gan wp om 6 met Shem © a ten Sou F mending ay) lie Sveet se 2) (pees) = a me ee oe onr . ° = ™ wy eae > = e . ie oe eye 5 e ° eo nie ow @ Sein gs 6 texeopen. a an ase eeu ers mee et ogee al sua 
ey EA app te apelade doe, hrc aad eda a 4 M8) SR ea ore Pee wan ie can wet Yue plgibaes ‘ : * ma - se - ~~? oe 7 oo + ve F) ate ern Cent ey HE neler ee MRA “.t Cu eF aS wee we mayee sien gs. .8 oes Savana pay aad 
a> pA ede omm meme n. em 0 pee eee 4 — one G 85,97 Bs Om ww @ ~e ese 8 ae, fF me 8 * +4 ene = s ey a — - - Py a os ate fe © ten ey Mikeulcles a gsasens As) RES pr Peer fess GUI Sa cir cteaipen aac cena hccee i Oth Sm 
wand Sent eee er tee Oe eo eee eo a eae a ae ey ale oete on “° me x = we wn ae Pye ee 8 Ot 6 6 th eh anon 8 be ew we a ee _- + te ee e-em 08 Os) Andee 2 6 “sen em wate ee ae Cee errewt Ram pters me Ogg Mans oe ofa 
sflonst ar + FeO RGe @ or Ne ame mye . “*.5 oe =’ = \ecne ri) * Bee te 08 mets 0 . - ° oe tai h, eee me ° seane *t 2 6 f Gn teepy, r We” Pebaeeee® 2 9 4 6 Ontrn ee Ue er 
ae | coh = > me me mH 8 ee oe te tee he TB = we tn were % nas of os ’ tan 5 ad ro = _=- . “ow «a Py Le » s ® we com ue ee oe | oP ee -. t= & eee F< oe r8Eeostpantse — ¢ Spitach ca kekeceion 
ene + Steel - ae" @ Me ar Oa ee Pan *ws.eenoe - sory woe fee = eek a» see mM ce ~—- ae eee te > . — mae © cee we a eet oe cove = z ei a iecn ciramas wise) oe 
~ OS ange aT Ee . 3 em Rewme 8 a = oe + Mine 5 on omRge ot aes mete . ; mae : ail san sretmetee sn ne 4 ates 
= Y pevarj ee ate fe ee CO eee eth ach a otena Se It nye olr pe a a —_ o* eee eo mt Pom wt. * « e 4 Wotuar Ret sl wo 8 gw OL” Bey ome 
5 2 ws Bn BO QS Be Oe Rae tee ree ee Oe a a be ee 3 5 r, - 7 ae ee 2 Senta is is 35 . aan 
aed os Cows. sya ee a5 to B08 on a nyts one 7 - of Ml =F} age « ae o 0 0 Ai omete x 0 aie re * on Lad oh e oMrae © ww ome On ~~ 
of 2 aoe & Me Nt tm weet Roe Ao oo. she BL Meee ae = yee age é- = t<6 Coe puwey cme «a ‘ina ie Ps ax Mis) mies ee 
«Aen gee we oe ae # a5e- CoP pealg, fb r - nom = = Pate pe 0Onen _s-s = ° e . e- ee Pease GF eatew ak = Bat Cee wy © Fedpuee ov estes 
+e ES Wie Oem ere ven SB aemse o . € sof = 6. we Aatm oe: are 6 sup as Rter ere oF om =H) * engee ooeuess « ene % 8 dae © - - ras rs ze e we -* ome, £ = of TeAPE ath Oe Sat ee. gt h 45% So oPvIOen ttt eee tt 
woe Ole mamas. o Sere Ree te +e HUtegmn = eo.) et oe we wmeee pe see let omeg +#5 ee 9 Col shu men AP YEE 8 ig Meee lel lw oo . <= ? ea? cache! ie dead ch tb ane i akaed Se eS in ae 2 Oe Sms 830 een glee * omen sien -e = 
= =P tee A a TES Reman fe no due cee ove FA re mage Hem «gy lade, ER So oe ee Lee 2. - ee ee eo ntl en 2 ee we « ° ~ Smee, ce eo Tease OS * 7 wnPe me oRe eae: aave enn 6 A arr sbyrp® & tt eS ee ne ewe Pom wy, 
Cmrwea sea Get se TEN Deen ee mee. , Vi Fe Regtet =F OP Oy onde gf me o we © Se mane wo : . . «¢ a= . +05 &%* Fa * oes Sim re &- z : Co at 0 ate ath sn 2th = 
atm Ae MATE me on a ©, BO MONE ie Ste Fee Cu BE Le awe me noe © Weampe 0.8 : ° wie oo « - =ee ’ ere ow ee condtqgt °° oem 6 teense Us : “EPI Foe he mye whyh te, « ~_6itidoe 
Oe ee See ome mans tL na e © oS wm at ne & = Pee BLD mH merges De s, a . 7 ven ° . ate a ot e we 1) atg> see R.9 Pro-swace a0 sete nm cones i 
Meum 2 woh, at, = wAHE cay . = Go Pmt Frwan 8° Her eciene @ Or opvwa BE* BT Men ww, en : . ° ao a As cusews aihac re aes 
* Sere eee a asa n 2 Spi pale ele Ce a al Soe O68 PR Viate Aone he pak anal he ad 4Rm = Me 084? 6 oad e tee Sra On eats ete 
aS ee Fer Pee ye WK Ot oe ae Qe aed™ HiT CoE bal weet mew = t nee 9. aParnye a4 aR ° s * re -~ sor « . tad a o te ote “er eraseee 
AO. Relea Yo Om we. ey oe oe «Men 2 . ne ae Ss eh ease Bw OF Mee ee es Bw 8 ly “ ae * fa008@ ont YT ot seen - @# ee mm 4. Cade 8 oom WMkste agigens & 
BOTS PEE Teron SS PEGS et Kapyn et Lt Ed ™ © Ss 9 me matinee, Cr a 2° on = wa wi ee ean e900) ome ip us ZFS 
—mnng * 2A ee @ hot MEO, A ory meee go . = tat eve. Pea was “2 0 & eae . . . . aah Fone . = Sony 
_ =. Re ew NR aa Al ean Salas os als wy tae fueyn n eebee Oa aad ce 4 DA 4 as 
Bam Oly Bh ow SA oe mM Bee 8 ena Seem “20 6 re 48 beh ou Le ee acme ment iention = een we es ese 
ee Pe et Owl Pm 2 C508 aha MR Oe: Ahora C2808. ee Be elas eQOU Ne Uae Beer PEO MA omet ee nae 
3 Pe eT th et. i) oe ee 








af 9 ere 
se - 


eF6 0 opine 





© & cameos S 

































































. bee 
a +808 ,en8 86" heme, apres 
as od bes Orme es, gf © Ft wares Bye 4, O? ant, 
eee ee gtine te eeanee ~ * Oat TNO Ck 8 ee Poa Wr fomess a, ye cr are te 
=P e=men . = fan ag? yh 8@ Cyecume averee 5 s0a? |eere.s ame, pas wage sw enssemype © Bue otce wie ep eee Be 
say eenieen~ > Siler expat] cemmneen ss Aso, : ¥ : psec oar aa e i pag de 1 ere © 8 ay ed eratyengys cage 0 on) met An oe, 
Sur Me ML 18 Sa lane By eh ADEN & oe eas ae Se eee a Dee. Cun Bre C ch steek ae Base eo ets e sees » oF 6 Smscepr~agete =» wzx, acetate Sas Cet ee ot 
fee 0 Stee. eS 8 8 a omens sgee on a. "9.00 f:e.n0h & yore nm ’ ea oe 64 oe OF mouse etut Se ahem 6 6 Memegtse? Mgt oe eae ee reser 
Fee ae Fae eg Nvie Meonpas . . wy P99 0 MO mt Cor mn foe 4 PE Age cep Ey bm ’ 
agen RNa: td sd en thbaedlderd Pe chi IOC, = . oe « ofemeae ff = Me ag BIR Col eeorsa~h, 146m 
Oe ee Kw +4 .. %. of aye abe ome oe 8 28pm omaha VAP Ry wens 
Hoe ere es S8 sue ee oe ° 6 eos wre, 8g Ronee aeas AvOmerir aur acheoe 
ene Mel Spee 2908 me oe t= MA: saenes ote o ot . cee ayaa aatciange noee 
Pome were we sata ofr © of ™ Aad OaeuR yee 4 oteigsln s sien 
re ne an # ew © =e Bodat yee fee « e 
om Me Cntoresnse iy 10 8 y $90. OO 5000-9 aw 
@- ="fee Ge eteoats 
On th ge Oem fetare Meee om be om we ~ 
Ce ee De e's yaad Wine ae 
SUR wipe fos 8 ee 





dees » of 5 
C01 PP em © POuRR,© 
aor bebe... 





“Oh Ome cOnets 












ses seme “as 


Awe wo kame 
tem 























































































































































































































































































































































































































"S0e0 agaey 
SePgtesetie © stad = pi eee elie 
metece © fue cof Sun eKy yegien, 2% Reiren0EspFarseracee peas a 
Semeacet oo 6286 sas aoe Seance BOP T Or Se 80 8ET. MP One Ope gna Eas Bey WAGE B68 Wanenr 
eres om, 8 tee As ¢ ‘ me sce we AERO V0 Gel OG ay: eged ime Cus. end wiaeipe diner 
we aTIOGANT aA MO® % POONT © ORd.e nn 08s EDGE CLANK ve © PF eisas woe 0 se “eees 4X © ppints : a Wop MEHR gs He chinwmine ontate ce teeTs 
Aaa Re ne Sere op = 8 wy? et does "er As Te ae aa e sight Cary aero ao Sn pir boda ade 
OF Oo ys Cree agra FPe Ww « =I @ eyes ees age +, PeMiy of  s68 % spo #2 OyGos Cfetee 6 ce a88 © we apts OF dane PERO te 90 we EEL ET AO nmay Ore ‘ atta dae ele ee 
© le oe Pte EM Keene & , PaPyrato® Aedes 2 oe = Be go eee ohne? wy + ° Ln oe © on sa Ee bt oPetcd Z ee TNs en ay Ot 92S tp Bye Bh eae Bae Be Pry 
° Be ae one me On Re Oe my OF BER oe, Pp Bee mreray ess = oo ge ees ry Me te Germs, a. ome. a v= a o eubts o Seve 8 one y Fy) pw oh: WV ante: aecm Tusa slaianon ite iperee tcatccaes repaint Pray eM: 
ws Sialegeghapt aOR ate are Pies Penner Bey -.0. 8 Guenne G0 ont Ope chtwe he gto ee ye = Det esiwves z -° 3p OP Mond Seam ote at ap 20 Ds Te Ol on we Oo» me aes well, (pd Dot mre urge 
Mee. Fea 6. meee a ey ee © hewoms - s 9°! PRctune Se ae - my et te s FO ow wP rn. We aloe Penmaes e dio) Me 
73 Oe wm oo tho : = #Ge Fe 57 P 8g Baeps mo toc 7 a . =o. ~ conte. = meprha ene 4 = ° 8 ee etAN = 520 Sermeasre a.5 
Oe ee Te zen - Pu foe Fnved » go a Fhe “et! em mkae ? WReveh on ide vy oo ee ~s EF mouth Ene S€v000 7, 
TL hoes ite wee 8 oy Mak eente ays. ec ott = ef of Fe # sg Ome oe. ww ‘ . Vw tet oH ete Oh aly be td C.F SemPehHie® ee asd gapRee MO 
F ase ae eee Sot CCR AD See): SASS (Gaee me St ae e a Se 04 0000 ne soe Sevtomr es.¢ S- 8 OgPoVedow® « oDemaed ogre 
= 2 “ ay etn Wut at. “ae D ee OnGuonits ¢ re | ie ee LS tat = @ey -aelrag o se « MeOse0® 8° & 2 ate taw Fg perty S PruOn Must Res ole Mit anshe PP eae ted 
Sawa Bs Het, ese e ety haw: oe ee bette al . ‘ rae e "ee - *@ £ o=p oe = Pe . pe ot ¥. Omer eee OF © thncte @ : of 0 MAR s 5 td ony Oeste" te tNajadwesanace,P sage ogaee pAb emas-2 
ST EE Tae 8 ee fe wen avonn % Po raetee ws se ee One 5 Cte —Ptees. oRe BNP Coen ry FORO e > Ges : Fee Oaks Leola nite 
Sak on & we wortas Songs = fan, Poece ® ay ~ srane Shey at at ie Hat © 8 og we > e + ees = i eee 
e198 mR HA be ee eC oe began eeHPALe © bee oh eet | cs CH eset Lene ean frees @ 0 0 arate 9°) the ps ett taSO? te oe oars na 
. ¢ OS Ar als « Ikeda baseay ak eran we ety Pe Fay = om Me WOR: Sooo Pets Paweyi aps angen? ~ e+¢ on mie es00e Pm thy meee = - ° jn 8g tye, 8wO) Le not ee 
wrew ae bist : wit Sef Se A cen sreev gees News W sme mens Set OFs-\ 08s sme bat! Ld oom, © oP eunne, Ss 2 ety . cd eFee 7008 bvogume me “O09! Bae Ltt Lie! seh tne 
acer Patek eT EY AR 08 e> ey regs SNe is can pS TALK =H a= 08 Ong e,y= <2 “2 «me 6 oa Wea"y F pmtca te stale GF SP a wed coke orvawrederpte oh sk Put a8 mht OF H BK erm a en tp, PSOE URGTD: teary P08 be hom age 
ante SR. 5 Ten en, nega ta Ss os PREP nees eel © as AOR Cuero Me mate soe 1% oe os dR ot 60,07 oF hate Se No qcdtgoun 806 0 voatepacie omeeeiise amen te 2 weet WAP one aBate senetea eth aL . 
: i qe ~ a * a¢0 ~ La > * P 3 i Retemete of bytes RE tap sede ‘eo 
* | alain ees a AMee WAH OPP Feet eet ss jee On & «© 
© 2 en eS dew ane we" os wince “1300.6 n' wie aekGe des e pee a 
A ubyetouenbs 6 Use one @ teo-tiy vo wf &. ‘z 
‘80 co ribo . Pele none ©. eet WoO, a Pam, . are ay site fa pee “petiol = sh sten 
gel OsbeNe meeRs 28 AL see WBamrensegeys Soook ¢ %.2nas st yt ‘a mae! ene pante Bi ode cnet Sam amy cues pad 
wot fly Damn Aye ON ane a ST rr) aera a2 6 6 none INAS. 00 oS ahi? 0, x, DWAR ng Oh: ” 
Aafube@ OS 4ytbeOn grrnes on ae our oe Ee: on nagaee arab oF ohm nae FBS aTR oe Panat 8888 aes ve se, 
to be foe. €.PetSeen of Crore Fs Viger e Vee Bentler, 286 oPaane nse ete eek > 2858, sognast Pi se fe : 
ese tem i aatay ¢ PEGAB «0 gee Oxy age an wens Dog arst. weet, wo", Uy whe fe © s00=% ° Mista iePotge 8 ah Css wards ot Fekete 
a eo am iS OC8Ce ae C8r— 6 = er te es C6 gute « « Zs a) w = O'r8ee,eoPhne emetet st oom ‘ 7 shaw. OO Np Ohi 8 > wel ga, — So take 14 9 yo 
JP Pome ton vees © Pa = S9p¢da & tbteodes= « ay tes Cy | a o sae ome gam on as Dota wi ase “We ara. 0 tal 2 OSEM FT a8 haba £4y rp Aap 9g Apt 228,? -0S Devan strapless 
AL Ure. sy we PEE HA, Ko KS, GE. bea date etek he oy a Bm Cotlgny £.9 = 8 te oo Oy Aer es Wynd OF OP chert Ung Liver tebe, orpesene Aa. aspen So sEahet hes’ -kereter notte 
ees Sa we BL Oe tral = ayy OF PREGA ©. <8Ai a" oe aes = 98 them e = anget at ht ee -- @ » 2 0 OV 9 10H 8aDeh ease: KE Ge Wrap Pear ete wel sihege ace 
CE OE OA ore ou Dae ee owe, oo, ate wre ee ou? ihe PEN Aron eT obeingets © amt. Wm adls we Uruse, . ; « 0°80 Chub adene tray ewisess Pehsannpis 
. o S2PM 88M Ere =F eRTK ope N= 8? Sheree cat PHr- M3 Ome Ph Peo es Bho KREG Tonle 0 oF ip ale 65%" wg gke cate p48 Fa4 SaperRntsd @ame © fe hiwe Fay vue Ot) : 
a Pl PA = hy Fm + Gate a rut : ™% Rim me ey os - 0 8 Caw wwe Bed unr oneP em & wm - - % ete a os able coegagente 997 Ai? Ups ate ewsht%, 105 Pde FeO toe, D~ 9 PE2 90.0 Py 04d! eae cn dD Fy 
# - G bet eT es 1, See Or, eee Bee wee me ome MaMeaseia.%. £e . a ry rT FUE #eP ge aC OM erRETER. oMeOeR tA oe o Septet o> yor e> Sorte Feet eevee. Erese - +1 6 On 6 ED es a8 Ale Omen eed DOPE 8 bs OH OL eG or Feta ot 
Rad, a ees Sian by we xy 5 i ain he OH Le ©. Bee hepa O28 ae Pree ee ae Bes. weGansoge ma © osy ate See Fe Fe Neng ~ ew Padeapt.ols O92 F Bdew~teep o abu “Meds dune * wie Noe 2 ag Re dpen a Ww 29V ote do F* 695898 008 outs 8 o0ace rae eee ey pn 
AEM Come Oe = : F ‘ ws ° nO nt PemePoo alam 8 me0 QS some 6 ay eons oecab gerepes aaS, etekearuch se ss gabe reps nS Ete : >Re ete tee Peers ol pe 
2 90 BR me ye \« Eas A, Foe eg at De® ww wtat ve we see saBot & w% a Pe aentugetse ) "eaybe + eaphehe 83h yerititat bed} ald ax de 
@ me EN OL ee, p A ten eePehget aan Pha ney Mrowect sSocotaress © = me basriogry a tein CURLED TY et oe oe a pire eins Ao 
wh ARiaes we a srege 8 ADIT ne mw Fhe wR a6 ent ois oF Fap Re Vert ae 50 AR Ee reeho get ant 5 D stele Wye ype er yr ir ea 
opt setatint. Pitrecd tare ® A CAP hoe Me nam enn rs ee BOSE PAP PPBO8o. go ataa ase eee P96 S18 s oe Mala deed Pad Relat ytpage wast as ace 
wate wleFEle efuue? . we ee ee ae ~e “Swiee Cveomtonntt avhan- toe, Lda Bee ret Wy hs OO Oh 6 pte Fumes ooo tetas af sPuapade eee. as 
Pe MFCR ADP 8 eee, Bene 6i 2 © 60) me seve mR ONG slotwaesseries, we OF M2 RBs 2085 bot eh otnr Stee ween: 6 800 grcneut pent 20.8, sires bel dite sae ca 
lle dap tale noe to a = & wae: 2S, ie wl? fae eA SU OLeenke mllece sab 04a 05 = bhd-etdt eek eiembeddta kth ee yer he v vise 
Thieet o8 Orem 8S PPR EE RHE Lee stage “|Z 2 oBe , DPA ODE se Lote eeyran 0 Oh Aga. APN yS-ya9 9 a7 99,yh-0. SErreear 
0? War aap Poses we ate =e Ore orhu or* ab a" 7” ae OOP PR op eetg ot arYeret-© per= ome <2 jee 408 Ph wee Tos 52-0, vet aevor betes Th oe 
y Mado my eres aye o Shar © ME heh LOWY 4 Ae Sah epdogt ore Late of poe ge “t410e Wivbyiptr eed x NP wt 4a Ree Nate ine, OL8 Bn OR Caw Pamala ump ato Fo epayye 
7 Be ek OST =, OF TET, Me ey, eee Fan bider ee - %; eae » Poa sO et Hee Gottsge ae : Wt CAD Sgt Wy Sain eens si0 Sctemeicrrons 
woke + e8e Cetra, remk eRe Re hip meer daPe are a "200 on 48 O ywrten A pohrew "Ree tee see, wP-nmeBee Pe 7a oe ‘ 2° On i aA? Oat be Me7 wy PE oe A WIR te dgen =» SF DS Epi go 
: < ~ mo, Copininiel i ee ee Mar Ce, eo PK On oe OD, SuBnon Fone © 0? aforesri® « Beate Tee ‘Aree? -. » © phytens wating 060s. 0 een \ gtPtPasho-200 ue, amt ss Seto enlR tee Nomeande Pet veer omer ert rege 
\Aibtnintinte tate = oe °2) The dwre ge + Gy =O. o@ \ odes. Stren = PWIOEr HD ae ecye cites PR Wed chat— ot tee od “ous oy ar, 7 ogc Wed secta © mewsiate #x0%e" #upe ay renee gree sp terg 
Cpl He Dang Raho vee du bisa tal oc evee ss dee e998 2 © AORv ig ® muetet Maia) 60, ne Qt: Me FregRpiwitsete Cia Sup te? te ne OONFReVorp” -6s 8 Klee MEP aosexs é 
SR POteMARFeR 990 OV od. AMA. OOe Fa, a 0 8, faa re fp fb ae gw Seo*R, 6 ot = meet oka te fie ine 40 ive toy pee she 
Sfectaby lneshratple FOr PE WKF e® Seyine, 0990 205A,eo ae strc SoyGRhel. Miragher Oren ow nook Ufa seysc pide an PP ie te Pra 
Sereda ee a ed sPoraG@Ahe? Aeourunghea Ta 5 & oath aferetee = : Cd he tee | > saguse at as Bt 19 FER ERY pd we ye 
kp ei Geka . = 2 PAK S00 ORNS PS OaE es + ele s@.t70% see ote Hp Ie 9 tole ay gary § #49904 % whh,8 OP 8h eh ey inky Re BL Pe Fe eS = Gas we © Pe 8 RL OTB is Pte ve 
f s ous POST od caus $ " PReReee. 20 no Beeternt Crseu ws SKS Ci tMeye ead 095980009654) ORS 80 On 88's Ra Laie Or, eee eo 68% WO per clerk beak d 
a y — Perlite, sdodspe e - Gry Sh Ksakey epee 8 c Mr 0208S say Vee Note ees wy 6.8 2b Ge bos rhe, os@e 8 
I yee Pe Ws dy ee wo Eon ; . p ; 2s we oom ahae ApLerceles +e 89 oe : je¥,- &, bd Aiea Pg POUR gt oe pe So" ec ga hat 
Nat ae) om, D séve werna het fieOwetel .=92e For PES OE MEP EIR KEG e uw IP Ones) Fie TAPS 
the, seg foe 8149 eas PROD My neon oe # phot anny igor #22? ap onenioniios 
st ee ae Ne eee SeetOe NAD Veapetlc Ce uel Gy tns Saas tp=e8 DPe Eh Po FIZ APES gem grgltntedeys 
sAyhe ooh Os Ke tips ¥ tere Oh ede onte en at ek apg ehesPoenma meses joe sweaty Spr-y BF Csi y aw eeal, \ 
* 968 aOee F558 oat mee by Foe gtteon WS ie ory he woh. wy Siem Cayem, = by ae 
vr) SoD we eggs nd Pati oe ¢ 
8 eae aamy & 











Ya" PNONDSH.. cle- 





oF gtem © ware, FO ge Ds Oe 


Punta.” Bele tel 
ented phesttia Lae, Pade ete 


SEOAF "HPT IL Aree. 90 D0 atx 





SERED YO “AER ARAP Se d's igps 30h 
ba 

th ms eeeohare aptus 

eT ee er ee 
























































































2 Sekt 'e OMe Ne Ms 81.05 OF pe kn Rad buen Fus8 onsen It. Ay 8 
? iuay tye ad d Cotman an 69 cm Wh Riptete was Toth Oy Fn Beebe. gp ed PV vi 
sToows « ? hd oS | ahbts Pebn. Feed whe ryt A tees RES UEG" Poo 2 ny (0 Tr 4S edit ane MY pl 64858 SPD ORT OLe Foon EA ITY ze sor 
Swinese= s © Br o more 8, “ o< A =mvng ho P %. ated, Vatee BO0rerKI OR 0 Lee Sete Sh) eS Spe wn tess Le Wot Bh he THe 8 egek gD Me Oe a 
OHNE 2 amar ew Pas «He . sor bee, Palys 1) whence mie «teep: p ghie yO ao6r eee of PH Wu ehors Vde Neeree ° 7 Be Pe WS By opalsaeS “pe a9 Ley saXyay 
: * ob De eee ee Ld Yotniee = Or FW Bh spr ete ont was REPS Ae Hetasves wy ay © Stew of @ ists 4 ais ~ 8 os 
SE ROE. VAG, Sarge AEH: Fe Em Lote rg = SO ROOT Ee aR teebalnn > te ene e« wok f 20 se Ee Tak hal Ae o Sebora rons 2 
Nera od Begate 90) aaptany ° SV A Sur ads Os coxte . on Fy $ ee 3l Py beets 
WAP =p wet pap Bre teOPpte 2 - the Foe So q0emer td Py 2 3 Use bea wie ley VS RAP Pagt AE SROn. fap Ue fowe rnd, 2 bie A 
BERS ED we SOC Pe Reutty Bt gar seks SSongs DP otoyi « “ERGO Verree besae gt vev + ves $2 Ur 85 5 oe ig" 9 dn we" ASS VE {UW TLS IG Ay > tin® pal apey ry 
4 Pte eget hs phe on 0 me meg Shs tmp® msee we iy Be Segue WoW levrh sree. Ge Oo AN Ce & #88, dpm ond Higes 9, 
ae 8} Meee me gk Orr er Set 59S EPP 08 089 0E enced mh 
Ee Ge see ntE ea tee veo: WPa ry, cm Gromy seh Sos + 928 Col eTnarta ro cm a Omg eseA® watsg hte: Sade acs? ager 
Om Een rh oh PAN RECS TAT eS] op) “OF, s "es, Seba! OPW MOLL OSE. oFKn oifes 
ye ae Se Rane alte es, f . 
ee en 





fe 
fi, whe 





EVOL IPL, oRuds Lahn oa» 9% 
fesoe 


1% POO Ee ast AES Ee) thy J pho 





tn eee of 


Veremontry o=fage Hiesipivams © 
~ CM p0ad gs fy ae 


° oa ae 1 Co) oe oe 


 =.6!”!lUtlUelemhmté~*~<“‘SC;:i‘ 
2° 935y do micnivet giren 































































pphtg ely eae Se 
r] s Teds PIN ee ", 
£, Rotors! Rompe Probl). W502 Sevp wrarseye reeset re: 
Ba lta est OL aia 4 0 Fe yb 00 os Fat 8 re. 8 Yep Oe p psp EDEL ED ope eh os 
POE SCRi i iene eae saa PRP hi-ut h ddehh eral edd. a ba liek DE tet Lo kOe CSS Pret ae 
—sae 6 a BD “aLiBat, Roce Ms whe\at & Vee swiety ots Ot ORT AMIE Dy Ty Bre whats Tre ot itymbug s 
% 9% *henet  cobiygre he od? ots La se areay ah aPiE.0e Re Cage Ui} 8 soa tive ray ayth shay 

aap ee foo © an%y" a ad RaSeto"-$. 608 eet ie hte Le eA aerate Loree 
ae ¥ aa wo © SONG 00 dry = ay? ewe tee o "Sen wt ve me Bem Bbees meets t = of 9 PES 8 C2 Pores y 4 Lids Wd Ey ede Bay Sar He Gy A949 TP4 5B) Be PNP g Mirae my 
~ eae Mae ov ES rebar ae ees -. CaS F 1% pasuhe oy + WLP oa BRE 00 Me eh Fe bog DOtsd AaPLOey At RoSdor'e Jar 699, cyix v3 MDW ALIAS Date aNd Hyer sONEM aL hesLoniegt ute 
ts 3 Mnosertge.¢ utr a€ Bewae "eee F2Kna Wert Bee me tors wanite iwiiniatae vhegFese ae “Wat FED Fg 

Le Sn eee Tee eegss te Roan 0 Ase oe = "ey ; we bye foe WF Oreee oy, 

we BAD ons ating oF 7.08 0804 PeVAQhwr eet te 89025 Feo ge tc 8086 se%Fs 8, Rene 0 “SP 40 c 
Pam Vota neeee . PBs re we Fi 









hee Mates Tsp sth Fie gto 290.0 Reese 1a yw RY © LA Ryan py, 
2. 






21 Bricb arg 2h P89 


Cr Cos DE¢ tO el © WHF on PRae et 


eo gekene NeeMe * 2.8157 
Wes VS Wes FS ea, 
Sasravinde’ Vee aecgne 
s \Veee Bein seve 
@,e Be, Oran d - 
fe s¥Thakinoww& evbs pel pisbrayae Ve 
e Se 1 es 068 PeREvergy Ke 


& OH. 6.005 Onn 
= pf 49 mo gsnae .0f%m LP AsMis 
Paens sr 04% eee =, 97 eet 
Oe MeMrcarnlOPhen r¥ese® Aneoieets 

Onn Deen aPasghs an lon myeign 














Mu ®-Mhenter ees 
#3- of) eS (Sve cane ta? 


teyte=* sgt yj 
QB, obetesh4e ta 
=ott . tous 














27 ay Lobe ly Doh or. 
VePohiney setae wale de. 
PEF 6s Ore ey hI 00 ov bs oy be 
Toth oePa7ite we 





B CRD OP EPA CES tm DE THO gth am, 
Bs Uf a8* Op POOF) OU ce nied ree ya ony 
wwr yt 4 eee Pere 
4 9M Has ots sys. co 
Rien Pik fies bale oti eh, 

























90 hr OG Fy Sern, 
Leofes Lanes 































POM A Be tye Feu E 
ts tp shay ore 
edie he tak he ar beer sconnyursiienee’ 
eu *% Siatee © “teqhe me SOL Oey 249 Ne0 adeaO On Jae rye a ate Same enPh ern yg) 
Fees LAAT “4 = SR gry = ote anus epee es fr Part tT ee wid tet ed to a of» De RIP ae phite 16 tebe HL SLA : £ ae 
Te ed : AORe oe aoe a eT tober Qehe ed 98+ "Con Vpoe shes seme sthei ud sah o¥e.p aabe AP Oy NG Ao S89 NT whe DMs MT Day : bas de ae 
i CRU a oda Be ads pee Oye = ads ‘ teenies” vrmpe & Pegetss & Apdo andy Vo eae ota, Fa CHER" $upae > Opa en « e Se 
spuectis 4VaE wwe, bs - * Seep Za aly 5 LL wan ptm ; OPN be? big, ore GE nb 2 Rd sXe vant Dine Bb 
date 9 9 ESE OE RF WT Te Ne BENG EAD Key hE ee " 5 “ppuded® Bs WOstememy detetmese = 8 ogee ew ep tem a 
Serene ei earwertenite amen mic erage eee tn AAAs e eea heats : TLE handled FIs 
Slithige tebe ties Soin SMPTE, 8s Ses ym rat yin ging Bed Martyn vtec * 
ae, hs 






